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DETAILED ACTION 
Status of the Claims 

1. Claims 1-28 are pending in the application, with claims 22-28 having been withdrawn 
from consideration, in response to the restriction requirement submitted on October 20, 2006. 
Accordingly, claims 1-3 and 6-21 are being examined on the merits herein. 

Election/Restrictions 

2. Applicant's election without traverse of the claims of Group I, namely claims 1-21, in the 
reply filed on November 16, 2006 is acknowledged. 

Claims 22-28 are withdrawn from further consideration pursuant to 37 CFR 1.142(b) as 
being drawn to a nonelected invention, there being no allowable generic or linking claim. 
Election was made without traverse in the reply filed on November 16, 2006. 

Additionally, Applicant's election without traverse of fibromyalgia syndrome (FMS) as 
the species of chronic neurological disorder and milnacipran as the species of antidepressant, in 
the reply filed on November 16, 2006 is acknowledged. 

Claims 4-5 are withdrawn from further consideration pursuant to 37 CFR 1.142(b) as 
being drawn to a nonelected species, there being no allowable generic or linking claim. Election 
was made without traverse in the reply filed on November 16, 2006. 

_ The election/restriction requirement is deemed proper and is made FINAL. 



Information Disclosure Statement 
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3. The Information Disclosure Statement submitted on March 2, 2004, July 29, 2004, and 
August 24, 2005 is acknowledged. 

Drawings 

4. The drawings are objected to because of a typographical error in the title label of Figure 
3. The title label of Figure 3 shoud be "Beck Scores". Corrected drawing sheets in compliance 
with 37 CFR 1.121(d) are required in reply to the Office action to avoid abandonment of the 
application. Any amended replacement drawing sheet should include all of the figures appearing 
on the immediate prior version of the sheet, even if only one figure is being amended. The figure 
or figure number of an amended drawing should not be labeled as "amended." If a drawing 
figure is to be canceled, the appropriate figure must be removed from the replacement sheet, and 
where necessary, the remaining figures must be renumbered and appropriate changes made to the 
brief description of the several views of the drawings for consistency. Additional replacement 
sheets may be necessary to show the renumbering of the remaining figures. Each drawing sheet 
submitted after the filing date of an application must be labeled in the top margin as either 
"Replacement Sheet" or "New Sheet" pursuant to 37 CFR 1.121(d). If the changes are not 
accepted by the examiner, the applicant will be notified and informed of any required corrective 
action in the next Office action. The objection to the drawings will not be held in abeyance. 

5. The drawings are objected to under 37 CFR 1.83(a) because figure 1 fails to show clearly 
the dosing schedule of the "treatment protocol" as described in the specification (page 20, line 
8). Figure 1 is of poor print quality that hinders the ability of any one skilled in the art from 
interpreting properly. Any structural detail that is essential for a proper understanding of the 
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disclosed invention should be shown in the drawing. MPEP § 608.02(d). Corrected drawing 
sheets in compliance with 37 CFR 1.121(d) are required in reply to the Office action to avoid 
abandonment of the application. Any amended replacement drawing sheet should include all of 
the figures appearing on the immediate prior version of the sheet, even if only one figure is being 
amended. The figure or figure number of an amended drawing should not be labeled as 
"amended." If a drawing figure is to be canceled, the appropriate figure must be removed from 
the replacement sheet, and where necessary, the remaining figures must be renumbered and 
appropriate changes made to the brief description of the several views of the drawings for 
consistency. Additional replacement sheets may be necessary to show the renumbering of the 
remaining figures. Each drawing sheet submitted after the filing date of an application must be 
labeled in the top margin as either "Replacement Sheet" or "New Sheet" pursuant to 37 CFR 
1.121(d). If the changes are not accepted by the examiner, the applicant will be notified and 
informed of any required corrective action in the next Office action. The objection to the 
drawings will not be held in abeyance. 

Claim Rejections - 35 USC § 112 
The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

6. Claims 1-2, 6-8, 10-17, and 19-20 are rejected under 35 U.S.C. 1 12, first paragraph, 
because the specification, while being enabling for fibromyalgia syndrome (FMS) and 
milnacipran, does not reasonably provide enablement for chronic neurological disorders and 
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antidepressants. The specification does not enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to practice the invention commensurate in 
scope with these claims. 

The instant specification fails to provide information that would allow the skilled artisan 
to fully practice the instant invention without undue experimentation. Attention is directed to In 
re Wands, 8 USPQ2d 1400 (CAFC 1988) at 1404 where the court set forth the eight factors to 
consider when assessing if a disclosure would have required undue experimentation. Citing Ex 
parte Forman, 230 USPQ 546 (BdApls 1986) at 547, the court recited eight factors: (1) the 
nature of the invention; (2) the state of the prior art; (3) the relative skill of those in the art; (4) 
the predictability or unpredictability of the art; (5) the breadth of the claims; (6) the amount of 
direction or guidance presented; (7) the presence or absence of working examples; and (8) the 
quantity of experimentation necessary. 

(1). Nature of the Invention : 

The rejected claim(s) is/are drawn to an invention which pertains to a method of treating 
symptoms of a chronic neurological disorder or pain associated therewith in a patient in need of 
treatment comprising: administering an antidepressant in an escalating dosage over a period of 
time until a maintenance dosage is reached. 



(2). 



State of the Prior Art . 

The skilled artisan would treat a chronic neurological disorder with an antidepressant. 
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(3) . Relative Skill of Those in the Art 

The relative skill of those in the arts of chronic neurological disorders and antidepressants 
is extremely high. 

(4) . Predictability of the Art 

The treatment of any chronic neurological disorder comprising administering any 
antidepressant is highly unpredictable. It is well established that "the scope of enablement varies 
inversely with the degree of unpredictability of the factors involved," and that physiological 
activity is generally considered to be an unpredictable factor. See In re Fisher, 427 F.2d 833, 
839, 166 USPQ 18, 24 (CCPA 1970). 

(5) . Breadth of the Claims : 

The complex nature of the subject matter of this invention is greatly exacerbated by the 
breadth of the claims. The claims encompass the administration of any antidepressant as a 
treatment for any chronic neurological disorder. 

(6) . Direction or Guidance Presented : 

The guidance given by the specification as to the method for treating a chronic 
neurological disorder comprising administrating an antidepressant of the instant invention is 
limited. 

The disclosure of the method of treating fibromyalgia syndrome (FMS) comprising 
administering milnacipran is adequate (page 7, lines 1-5; page 11, lines 17-20; and page 28, lines 



Application/Control Number: 10/678,767 
Art Unit: 1617 



Page 7 



23-29). 

(7) . Workins Examples : 

For treatment of fibromyalgia syndrome (FMS) comprising administering a dosing 
escalation of milnacipran, the working examples in the specification show improvement in 
tolerance at the 200 mg/day dosage in patients treated initially at 100 mg/day escalating up to 
200 mg/day than in patients treated at the 200 mg/day dosage from the onset (page 30, lines 15- 
17) as well as in tolerance and in the alleviation of pain symptoms of twice a day dosing than 
once a day dosing (page 35, lines 18-23). Thus, the working examples show how to treat 
fibromyalgia syndrome (FMS) comprising administering milnacipran, not how to treat any 
chronic neurological disorder comprising administering any antidepressant. 

Note that lack of a working example to treat any chronic neurological disorder 
comprising administering any antidepressant, is a critical factor to be considered, especially in a 
case involving an unpredictable and undeveloped art. See MPEP 2164. 

(8) . Quantity of Experimentation Necessary : 

The specification fails to provide sufficient support of treating any chronic neurological 
disorder comprising admistering any antidepressant. As a result, one of skill in the art would be 
forced to perform an exhaustive search for the embodiments of any drugs having the function 
recited in the instant claim suitable to practice the claimed invention. 

Therefore, in view of the Wands factors, e.g. the predictability of the art, the amount of 
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direction or guidence, and the lack of working examples discussed above, a person of skill in the 
art would not be able to fully practice the instant invention without undue experimentation. 

Claim Rejections - 35 USC § 102 
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in a printed publication in this 
or a foreign country, before the invention thereof by the applicant for a patent. 

7. Claims 1-3 and 6-21 are rejected under 35 U.S.C. 102(a) as being anticipated by Kranzler 
and Rao (U.S. Patent 6,635,675). 

Kranzler and Rao teach treating a chronic neurological disorder or pain, e.g. fibromyalgia 
syndrome (FMS) or chronic fatigue syndrome (abstract). 

Kranzler and Rao also teach milnacipran is a serotonin norepinephrine reuptake inhibitor 
(column 3, lines 41-46), an analgesic (column 7, lines 30-31), an NMD A receptor antagonist 
(column 7, lines 6-7), is non-toxic in humans (column 6, lines 24-28), is manufactured in a 
sustained release form (column 10, 35-36), and is administered in an escalating dosage (column 
14, lines 55-59). 

Kranzler and Rao also teach a kit with instructions teaching a method of using 
milnacipran (column 3, lines 14-17). 

Regarding claim 16, "patient safety profile" and "peak plasma concentration" are 
inherent properties. Since Kranzler and Rao teach milnacipran, used as an antidepressant, is 
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non-toxic in humans, it is reasonably expected that such a compound would yield a positive 
patient safety profile and a suitable peak plasma concentration as recited in claim 16. 

For these reasons the claimed subject matter is deemed to fail to patentably distinguish 
over the state of the art as represented by the cited reference. The claims are therefore properly 
rejected under 35 U.S.C. 102 (a). 

Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

8. Claims 1-3, 6-10, 14-16, and 19-21 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Koppel (U.S. Patent Application No. 2004/0014739) in view of Spencer et al. 
(Drugs, 1998, 56, 405-427) and Kranzler et al. (Psychopharmacology Bulletin, 2002, 36, 165- 
213). 

Koppel teaches the anti-depressant N-acetylated-a-linked acidic peptidase or 
NAALADases (page 1, paragraph [0004]), its use to treat depression, pain, circadian rhythm 
disorder (page 6, paragraph [0107]), Attention-Deficit Hyperactivity Disorder (ADHD), and 
Post-traumatic Stress Disorder (pages 6-7, paragraph [0108]). 

Koppel also teaches a prolonged release dosage form (page 11, paragraph [0128]). 
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Koppel does not teach milnacipran as an antidepressant, dose escalation of milnacipran, 
milnacipran is a norepinephrine serotonin reuptake inhibitor (NSRI), milnacipran is well 
tolerated in human patients, pain relief (analgesia) associated with milnacipran, milnacipran is an 
NMDA inhibitor, and milnacipran as a treatment with fibromyalgia syndrome (FMS). 

Spencer et al. teach milnacipran is used to treat depression (p. 408), the treatment of 
depression using dose escalation of milnacipran (p. 409), milnacipran is a norepinephrine 
serotonin reuptake inhibitor (p. 406), and milnacipran is well tolerated in human patients (p. 
409). 

Kranzler et al. teach N-methyl-D-aspartate (NMDA) receptors are in the pain processing 
pathway and that inhibitors of NMDA can reduce pain and are analgesic (pp. 170-171). 

Kranzler et al. also teach the antidepressant milnacipran exhibits mild NMDA inhibition 
(p. 190). 

Furthermore, Kranzler et al. teach antidepressants are a common form of therapy for 
many chronic pain states, including FMS (p. 186). 

To a person of skill in the art at the time of the invention, it would have been obvious to 
employ the antidepressant NAALADase of Koppel to treat depression because the compounds of 
Spencer et al. and Kranzler et al. are antidepressants and analgesics and according to Spencer et 
al. and Kranzler et al., milnacipran treats depression as well as pain associated with FMS. 

The motivation to combine the compounds of Koppel to the compounds of Spencer et al. 
and Kranzler et al, is that the compounds of Spencer et al. and Kranzler et al. are antidepressants 
and analgesics and that such antidepressants and analgesics treat depression as well as pain 
associated with FMS. 
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Regarding claim 16, "patient safety profile" and "peak plasma concentration" are 
inherent properties. Since Spencer et al. teach milnacipran, used as an antidepressant, is well 
tolerated in human patients, it is reasonably expected that such a compound would yield a 
positive patient safety profile and a suitable peak plasma concentration as recited in claim 16. 
9. Claims 1,17-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over Koppel 
(U.S. Patent Application No. 2004/0014739) in view of Kranzler et al. (U.S. Patent 6,635,675). 

The teachings of Koppel are summarized above. 

Koppel does not teach a dose pack containing instructions for administering milnacipran 
for the treatment of a chronic neurological disorder such as fibromyalgia syndrome (FMS). 

Kranzler et al. teach a kit comprising milnacipran packaged in association with 
instructions teaching a method of using milnacipran. 

To a person of skill in the art at the time of the invention, it would have been obvious to 
employ the antidepressant NAALADase of Koppel to treat depression because the kit of 
Kranzler et al. contain antidepressants and analgesics and according to Kranzler et al., 
milnacipran treats depression as well as pain associated with FMS. 

The motivation to combine the compounds of Koppel to the compounds of Kranzler et al. 
is that the compounds of Kranzler et al. are antidepressants and that such antidepressants treat 
depression as well as pain associated with FMS. 

Double Patenting 

Obviousness-Type 

The nonstatutory double patenting rejection is based on a judicially created doctrine 
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 
improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 
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harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection 
is appropriate where the conflicting claims are not identical, but at least one examined 
application claim is not patentably distinct from the reference claim(s) because the examined 
application claim is either anticipated by, or would have been obvious over, the reference 
claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re 
Goodman, 1 1 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re LongU 759 F.2d 887, 225 
USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re 
Vogeh 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 
USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may 
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting 
ground provided the conflicting application or patent either is shown to be commonly owned 
with this application, or claims an invention made as a result of activities undertaken within the 
scope of a joint research agreement. 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR 
3.73(b). 

10. Claims 1 and 9 are provisionally rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claim 1 of copending Hirsh et al. (U.S. Patent 
Application No. 2006/0024366) and claim 1 of copending Hirsh et al. (U.S. Patent Application 
No. 2004/0132826). Although the conflicting claims are not identical, they are not patentably 
distinct from each other because claim 1 of each of the Hirsh et al. applications is directed at a 
milnacipran formulation, which is the same milnacipran used in a method for treating a chronic 
neurological disorder in the instant claims 1 and 9. Thus the milnacipran formulation is not 
patentably distinct between each of the Hirsh et al. applications and the instant application. 

This is a provisional double patenting rejection since the conflicting claims have not been 
patented. 

1 1 . Claims 1 and 9 are rejected on the ground of nonstatutory obviousness-type double 
patenting as being unpatentable over claim 1 of Kranzler et al. (U.S. Patent 6,635,675), claim 1 
of Kranzler et al. (U.S. Patent 6,602,91 1), and claim 1 of Kranzler et al. (U.S. Patent 6.992,1 10) 
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in view of Koppel (U.S. Patent Application No. 2004/0014739), Spencer et al. (Drugs, 1998, 56, 
405-427) and Kranzler et al. (Psychopharmacology Bulletin, 2002, 36, 165-213) as applied to 
claims 1-3, 6-10, 14-16, and 19-21 above. 

12. Claims 1 and 9 are provisionally rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 76, 82, 84, 88, 90, and 94-95 of copending 
Application Kranzler et al. (US 2004/00191 16), claims 1, 3, 27, and 30 of copending Application 
Kranzler et al. (US 2003/0232805), claim 1 of copending Application Rao et al. (US 
2003/0203055), claim 1 of copending Application Rao et al. (US 2005/0096395), claims 1, 14, 
and 20 of copending Application Rao et al. (US 2004/0034101), claims 1, 2, 8, 11-12, and 18 of 
copending Application Rao et al. (Serial No. 1 1/535,237), claims 1 and 3 of copending 
Application Rao et al. (US 2005/0032782), and claim 177 of copending Application Anderson et 
al. (US 2007/0021352) in view of Koppel (U.S. Patent Application No. 2004/0014739), Spencer 
et al. (Drugs, 1998, 56, 405-427) and Kranzler et al. (Psychopharmacology Bulletin, 2002, 36, 
165-213) as applied to claims 1-3, 6-10, 14-16, and 19-21 above. 

This is a provisional double patenting rejection since the conflicting claims have not been 
patented. 

13. Claims 1 and 9 are provisionally rejected on the ground of nonstatutory obviousness-type 
double patenting as being unpatentable over claims 35, 38, and 40 of copending Application Rao 
et al. (US 2006/0039866) and claims 35 and 40 of copending Application Rao et al. (US 
2006/00398867) in view of Koppel (U.S. Patent Application No. 2004/0014739), Spencer et al. 
(Drugs, 1998, 56, 405-427) and Kranzler et al. (Psychopharmacology Bulletin, 2002, 36, 165- 
213) as applied to claims 1-3, 6-10, 14-16, and 19-21 above. 
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Furthermore, Kranzler et al. teach nonrestorative sleep is a common problem in patients 
with FMS(p 180). 

This is a provisional double patenting rejection since the conflicting claims have not been 
patented. 

Conclusion 

14. No claims are allowed. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Carlic K. Huynh whose telephone number is 571-272-5574. The 
examiner can normally be reached on Monday to Friday, 8:30AM to 5:00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Sreenivasan Padmanabhan can be reached on 571-272-0629. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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The Psychopharmacology of 
Fibromyalgia: A Drug 
Development Perspective 



By Jay D. Kranzler, MD, Pht)^ 



Judith F. Gendreau, MD, and Snnivas£&a<%MD ) PhD 



ABSTRACT- The fibromyalgia syndrome (FMS) is the mw&freqlpnt came of chronic wide- 
spread pain. In this review, we summarize thps fdrteofthe art on the syndrome and its 
pathophysiology, with an emphasis on identifying bases for the development of novel thera- 
pies. Toward this end, the anatomy^d^^siolo^^f^iin pathways are summarized, fol- 
lowed by a review of the altered £iology ofy^Mp^cessing, neurotransmitter function, and 



neuroendocrhe systems in FMS. The categories of drugs currently employed to treat the dis 
order are detailed, along witjkp critical fiview of the literature supporting such use. 
Throughout the article, FM^^ompared with and related to both major depressive disorder 
and neuropathic pain, conditionsjhat may share some common biological processes with 
FMS but forwhich new dmgdiscovery fforts are significantly more active due to the more 
estabhhed^Sure^fihae^^oses. Psychopharmacology Bulletin. 2002;36(1):165-213 



Introdi^bn 

The : :fibr6rfiyalgia syndrome (FMS) is the most frequent cause of chronic, wide- 
£ spreld pain and is estimated to affect 2% to 4% of the population . M FMS is second 
on ly%> ostfeoart h rids (OA) as the most common diagnosis made in rheumatology 
^ T! p^tice and is diagnosed four times more frequentlyin women than in men. 4 It is 
"^co^lered one of the so-called "unexplained dinici conditions" 5 or "functional 
^ somatic syndromes . . . characterize! more by symptoms, suffering, and disability 
^ than by consistent tissue abnormality" 6 The syndrome, as defined by the American 
College of Rheumatology s criteria established in 1990/ requires that pain be pres- 
ent for more than 3 months in all four quadrants of the body, as well as along the 
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spine. In addition, pain must be elicited at 11 out of 18 "tender points" 
upon palpation (Figure 1). Although not required for diagnosis per se, 
other complaints, such as fatigue, nonrestorativesleep, and memory dif- 
ficulties, have also been reported by the majori ty of patients (Table l). 7 
FMS can cause severe disability, comparable to that seen in other rheu- 
matic diseases such as OA or rheumatoid art h ritis (RA). 8,9 

There are many reasons why FMS remains a controversial d^^osis 
more than 10 years after the establishment of the diagnosS%(^iterfa. 
Some experts express concern for the individual p@tiepl^id^ggest 
that placing a label on these individuals promotes helpltessness^and dis- 
ability. 1011 Others focus on the legal and soci^o^^ue^s of identi- 

Fibromyalgia Tender Points 

Location of the 18 tender points used in the diagnosis 6lktie fibromyalgia syndrome, 
per the American College of Rheumatology's 19^txiteria. 4 
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Adapted from: Wolfe F, Smythc HA, Yunus MB, et al. The American College of Rheumatology 1990 
criteria for the classification of fibromyalgia. Report of the Multicenter Criteria Committee. Arthritis 
Rheum. 1990;33:160-172. 

Kranzler JD, Gendreau JF, Rao SG. Psychopbarmacology Bulletin. Vol 36. No i. 2002. 



Psychopharmacqlogy Bulletin: Winter 2002 



— Vol.36 .-No. 1 



The Psychopharmacology of Fibromyalgia 



fying FMS as a disorder that can be caused by certain exposures (eg, 
motor vehicle accidents) and promote litigation. 12 Yet others question 
the validity of the criteria for diagnosis, especially the requirement for a 
certain number of tender points. 13,14 

Although there has been some suggestion that FMS may represent a 
form of somatization disorder, there is increasing evidence and acceptance 
that, notwithstanding its etiology, FMS is a medical problem reflecting a^ 
generalized heightened perception of sensory stirruli. 1517 The abnorm^ta 
is thought to occur within' the central nervous system (CNSJiratK^Aanv^ 
peripherally, 18 and the proposed pathophysiological defect is terrned ' W 
t ral sensitization." 15 ' 18 FMS patients typically suffer from bod^llod^a — 
perceiving pain even from a nonpainful stimulus such aswnt^QUch — and 
hyperalgesia — an augmentation of pain processfi^^n/whicrBa painful 
stimulus is magnified and perceived with higher interi^jthan it would be 
by a normal subject. 1920 In this regard, there are manpaarpleis between the 
dinical presentation and the proposed under^i^meaianisms of FMS 
and other forms of neuropathic p^m^ucn^as dkbetic neuropathy and 
t ngeminal neuralgia. 2123 As a resultf FMS is tf§kt€3 today primari ly within i qj 
the medical model It is diagnose j^^^SSterin the primary care setting, Kranxier, 
with almost half of FMS-related offi&Ljdsits to internal medicine and ^toT 
family practice providers. 24 Kheumatologists are the leading specialty 
group treating FMS patients^|6% of office visits made by FMS patients 
are to this group of p Wi2^n|, TlTe remainder of office visits are to a vari- 





Frequency of Symp|pms in Patients With Fibromyalgia 
(at the^rfe of Diagnosis) 

SYMPTOM-^T^^J % OF PATIENTS AFFECTED 

* Musaflar^pdn w ^ 100 

^Fatigue 1 96 



Insomnia^* 86_ 

^loufepains 72 



Headadies 60 

\^ J^eMkss..kgs 56 



y fei^hesias_ _ 52 



Inip^kedjnemorj^ 46 



Leg.gramps _ 42 



Impaired concen tration 41 



Nervousness 32. 



Major depression 20 

Adapted with permission. McCain GA. Fibromyalgia and myofascial pain. In: Wall PD, Melzack R, eds. 
Textbook of Pain. 3rd ed. Edinburgh, UK: Churchill Livingstone; 1994:475-493. 
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ety of tertiary care providers, including pain centers, physici medicine 
specialists, and psychiatrists. 

Despite the improved understanding that has developed over the past 
decade about the syndrome, much remains unknown. According to a 
longitudinal study by Wolfe et al 25 that reviewed the outcomes of 
patients followed serially at leading FMS referral centers in d%United 
States, only a small percentage of the patients were found llUiave 
improved significantly by the end of 10 years of fbUow-uj^E^rec&di:, 
to this day, significant variability exists in the verac% o^lfae diagnosis, 
treatment algorithms, and means to monitor outcogf^. Tro^ lack of 
standardization further complicates the ability^ to^gsQn lit^wledge and 
insight from collective experience. 

The goals of this article are 2-fold an€Mfl^f fronlPfeveral excellent 
reviews that have preceded it. 15 * 26 28 First, ou^gmmary of the existing 
literature is targeted to a psychiatric audieiice/%econd, our perspective 
throughout the review is that of a gri^lfith an interest in developing 
novel pharmaceutical approaches t4|reat Jthe syndrome. We will elabo- 

168 rate ° n each s oai - s y 

Gcndrtau, Psychosocial Aspects of Fibromy&fgw Syndrome 

To the best of our kibwledg^this article represents the first compre- 



hensive review of th%lbiological aspects of FMS within the recent psy- 
chiatric litera^^fl%nc&pfendent of the context of chronic fatigue 
syndrop^CF^ as ^comparator. Our focus on areas of interest to the 
psych^toc^commtfnity is meant to bridge a gap that we perceive 
betweern|gp constituencies — rheumatologists and psychiatrists — each 
Ayhom (recontribute to further the state of the art of FMS treat- 
It. Rheumatologists and other specialists and primary care providers 
ekt FMS patients day-to-day best understand the clinical syn- 
e and the differential diagnosis on presentation. However, cooper- 
and collaborating with the psychiatric community has the 
potential to improve clinical care, as well as to lead to a better under- 
standing of the pathophysiology of FMS. 

As described above, FMS is defined by pain, and, as such, pain is the 
central symptom that must be addressed by any effective therapy. 
However, it is clear that psychosocial elements play a role in symptom 
expression. Approximately 20% to 40% of individuals with FMS have 
an identifiable current mood disorder, such as depression or an anxiety 
disorder, at the time of diagnosis, with a lifetime incidence rate as high 
as 70%. 29 31 These data are among those used by Hudson and col- 
leagues 31 to posit that there is a spectrum of conditions, including FMS, 
migraine headaches, irritable bowel syndrome, and affective disorders. 
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which may share a common genetic predisposition and, perhaps, under- 
lying pathogenic mechanisms. Cognitive behavioral therapy has been 
used successfully with some patients who have FMS, as well as with 
patients who have many of these other medical conditions. 32 ^ 3 

Some of the differences in the current and lifetime history of mood 
disorders, however, are likely due to healthcare-seeking behaviors, sin^t 
lower lifetime incidences of affective disorders are noted typically in! 
individuals with FMS who are identified in the general population! 




Psychopharmacology as a Link to Drug Development 

Our second objective in this review is to presenile ^^^tiff^dita 
within a psychopharmacologic context, with the goal o|iSeh^^nLg and 
developing new therapies by building on wrf^^s^lreaoy known. 
Although FMS is clearly multifactorial in its etiol^y, variable in its 
natural history, and complex biologically, we vijpy a&vities directed 
toward the discovery and development of^Hpef drugs as feasible and 
necessary. FMS patients share n^pchemical and neurohor- 

mone changes with some psychifoc patierfeid&horts, and both groups ^ gg 
respond to many psychotropic 3mg|^siin4fer ways. In addition, most Kranxier, 
psychiatric diseases, like FMS, confS^to the characteristics of "func- 
tional somatic syndromes" ^s {defined previously As a result, the nature 
of the challenges facing botS^asic and clinical scientists is similar and ~v7~ 
stems from trying to idenS|y trie proverbial "needle in the haystack" — 
a discrete primarf Cr|S defect within the complex circuitry of neural 
pathways and^f^dW6%ops. In both cases, investigators are handi- 
capped further Syljbe lack of direct access to the living human brain and 
by the difficulty of sorting through cause and effect in a population pre- 
senting with multiple symptoms that is, obviously, subject to biological 
as well as ps^cjlosocial stressors, which may both contribute to patho- 

^physiolo^ Despite these obstacles, enormous advances in our under- 
ttanlung^bf psychiatric disease have resulted from observation and 

7 T¥ ^r^ysis of patient responses to existing drugs, as well as from a willing- 
ness to use new agents as probes to test biological hypotheses. Through 

%^this process, new disorders have been defined (eg, social phobia), the 
* definitions of existing disorders have been revised and/or segmented 
(eg, depression, obsessive-compulsive disorder), data have been gleaned 
to support or refute existing biological hypotheses, and new mecha- 
nisms have been identified. We believe this will be a productive and 
efficient approach to FMS as well. 

Therefore, we have intentionally used depression and neuropathic 
pain instead of CFS as the comparators throughout this review; the 
existing scientific and clinical knowledge in these two areas related to 
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FMS (but not to each other) can serve as a useful springboard for for- 
mulating ideas for pharmaceutical development toward the treatment of 
FMS. Although there are certainly many similarities and a high degree 
of coincidence between FMS and CFS, the former, in which pain is the 
most prominent symptom, is probably more amenable to drug therapy 
than is CFS, which is characterized in its clinical presentatiofejby pri- 
macy of fatigue. 35 " 37 

The body of this review will be divided into three parts. F^^^TOf S 
is a clinical demonstration of the existing links between p1ttn sensation, 
the stress response, and mood, we briefly describe th^ie^aanatomy, 
pharmacology, and connectivity of the relevant n^Aur^^Second, we 
review the neurochemical and neuroendgefif&og^aJ differences that 
have been found in FMS patients and coramrefthese Observations with 
other conditions, where appropriate. Third,^^ummarize the literature 
on the effectiveness of drugs in treating FMS, |W9 we try, where possi- 
ble, to relate the empirical findings^ <f5oth normal physiology and 
FMS pathophysiology Thr^ghou^the discussion, we draw parallels 
1 70 between the features of |jM S aid t\^ifefc0mparator disorders (depression 
Kranzier, and neuropathic pain) that%^e%telff studied more extensively. Finally, 
Gendrtau, we attempt to summarize arfi|oresent an integrated view of the syn- 
drome along with ideas related^to drug development. 

Overview of Pain .Proeessing Pathways 

It has^rfeen recognized for some time that nociception is not a pas- 
sive, - uriidijfec tion#^ cess 38 ; rather, there is a complex interaction 
between^cending and descending pathways with the ability to alter 
dramaticalf^fhe relatiodhip between stimulus and response (see 
Figure 2). 39 Nociceptive input from the periphery is relayed via 
peripheral afferent fibers (PAF) to the dorsal horn of the spinal cord. 
d I After significant local processing signals are sent to higher centers, 
\ %v-and these impulses form the basis for pain perception. The two major 
descending pain-modulation systems employ the neurotransmitters 
serotonin (5-HT) and norepinephrine (NE), and originate from the 
rostral ventromedial medulla (RVM) and the dorsolateral pontine cat- 
echolamine cell groups (DLP), respectively. At the level of the spinal 
cord, the projections from the RVM appear to have both pro- and 
antinociceptive effects, whereas the pontine projections appear to be 
mainly antinociceptive. These two descending systems are interc on- 
nected tightly, 40 and their respective antinociceptive effects appear to 
be additive under some circumstances. 41 

As shown in Figure 3, the main excitatory transmitter from the PAF 
to the dorsal horn neuron is glutamate (Glu) acting at several postsy- 
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naptic receptors, including those of the N-methyl-D-aspartate 
(NMDA) variety. In addition, neurokinins including substance P (SP), 



(figure 2 



2gy 



The Ascending and Descending Pain Pathways 

The ascending and descending pathways are shown in black and gray, respectively 
The periaqueductal gray (PAG) represents a central structure in this system, process- 
ing both ascending and descending nociceptive information and linking higher-brairf 
structures (including the thalamus and cortex) with the dorsal horn. Nociceptive 
input from the periphery is relayed via peripheral afferent fibers (PAF)jto theMors; 
horn of the spinal cord. After significant local processing, signals are relaye^o ™gke£ 
centers via the spinothalamic tract (STT) to the nuclei gracilis an&amWormis 
(NG/NC) and then on to the thalamus. The PAG has exdtatgry^ 
in solid gray) to the rostral ventromedial medulla (RVM)^S^SorsolaWd pontine 
catecholamine cell groups (DLP). The former is the prinlajy source of ^spinal sero- 
tonin (5-HT), which, in turn, is primarily inhibitory at the le^el of the dorsal horn 
(dashed gray line). The DLP represents the major source of descending inhibitory 
norepinephrine (NE) spinal innervation. The 5-HT^and^NE^athways descend 
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calcitonin gene related peptide, and neurokinin A are colocalized with 
Glu. The descending pathways from the RVM and DLP, carrying 5- 
HT and NE, respectively, modulate the activity of the PAF terminals. 
For example, NE acting at <X 2 receptors can inhibit the PAF terminal 
and cause a reduction in Glu and SP release, and a similar effect can be 
observed with activation of Li-opioid receptors located on the PAF ter- 

2^\Sv 

(FIGURE 3 . 
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The Dorsal Horn g 
The critical component at this level is the dorsal horn neuron, wJrucHi|cewes input 
frcm the peripheral afferent fibers (PAF) and then projects ^thWthipthe spinal 
cord and to higher centers via the spinothalamic tract^STl§. The main excitatory 
t ransmitter from the PAF to the dorsal horn neuronal gluttoate (Glu) acting at 
postsynaptic AM PA (oeamino-3-h)dnKy-5-^||l^-#iscKa^le propionic acid), 
kainate, and NMDA (N-methyl-D-aspartate) receptors. In addition, neurokinins, 
in eliding substance P (SP), calcitorin gene related peptide, and neurokinin A 
(NKA), arc coreleased with Glu, and SP and NK^act via postsynaptic neurokinin- 
1 (NKj) receptors. The PAF terminal itseffrieeives modulatory input from a num- 
ber of receptors, including ot^^^ud |lW)ioidj (inhibitory, black), and 5-HT 3 
(excitatory, white). Activationjff tl^rmibitotpaihputs causes a reduction in Glu and 
SP release, whereas 5-HT 3 ^ 1 ^ -i.— -j -i rL J — 1 



ptor^^^on causes enhanced release. The dorsal 
horn neuron is also subject to y-Wmobutyric acid (GABA), norepinephrine (NE), 
serotonin (5-HT), and opiate inhibfitjjry input, acting respectively at GABA^, 
5 -HT 1A , and |l-opioid rectors. In particular, note that although 5-HT has an exci- 
tatory effect on the PAF^erminals, it can inhibit the dorsal horn both directly (via 

ft\y (through activation of a GABAergic intern euron). 
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minals. Conversely, 5-HT acting at 5-HT 3 receptors can increase the 
release of these neurotransmitters. Finally, increasing local 5-HT con- 
centrations or (X 2 -mediated neurotransmission within the RVM itself 
has been shown to be antinociceptive. 42,43 

The dorsal horn neuron is also subject to noradrenergic, serotonergic, 
and opiate input, acting, respectively, at a 2 , 5-HT 1A , and fl-opioid recepk^ 
tors. Note that all of these receptors are predominantly inhibitory, and,^k 
although 5-HT has excitatory effects on the PAF terminals, it can inM13|^ 
the dorsal horn both directly (via 5-HT 1A activation) an^ ioA^tly^ 
(through activation of a y-aminobutyric acid [GABA]-ergic intemeurc 




Chronic Pain: Changes in Nociceptive Processing 

Over the past decade, it has been recognized ttfkchjdnic p2in is quite 
different, clinically and phamiacologically, fron^acute pain. 44 As 
described below, a number of alterations occurring obth within the 
CNS and at the periphery may contribute^%me chronic pain state. 
One can envision that disabling onjej^m<^^t|nociceptive pathways, 
or activating a pronociceptive one, can|kad%S!#§tate of central sensiti- -| 73 
zation. One such phenomenon tHat occurs at the PAF-dorsal horn neu- Kranzier, 
ton synapse is "wind-up." This term rfefo-s to a specific augmentation in 
the response of a dorsal hornjfieuron that results from tonic, peripheral 
nociceptive input, and suchlligmentation may underlie certain compo- 
nents of allodynia and^K^lralgelia. 22,45,46 A number of studies suggest 
that the activations 1 of^JMDA and neurokinin-1 (NK X ) receptors rep- 
resent critica%tep^in fnl^Lting wind-up and related phenomena in 
dorsal horn neurons. 45 " 52 

The descending sysfems also appear to play roles in central sensitiza- 
tion. Forjexample, recent studies have demonstrated that reduced spinal 
NE outflow from the DLP results in a chronic hyperalgesic state in lab- 
oratory animals (L Jasmin, MD, PhD, FRCS, oral communication, 
Aug^fe29, 2001). Likewise, a significant body of research has impli- 
the RVM in maintaining the hyperalgesic state. For example, 
inactivation of the RVM (by lesion, injection of lidocaine, or spinal 
^^transection) can reverse the allodynia and hyperalgesia seen in animal 
* 4 models of chronic pain. S3 Further, the application of cholecystokinin-B 
receptor antagonists locally within the RVM reverses the mechanical 
allodynia observed in animal models of chronic neuropathic pain. 54 
Finally, in addition to its role within the dorsal horn in initiating wind- 
up, direct injection of NMDA antagonists into the RVM is effective in 
reversing hyperalgesia caused by several chronic pain paradigms, 55 " 57 
suggesting that NMDA receptors at the level of the RVM also play a 
role in maintaining a hyperalgesic state. 
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Laboratory Findings in Fibromyalgia Syndrome Patients 

Like the study of many psychiatric diseases, the study of FMS is 
hampered today by the lack of well-validated animal models that can 
serve as proxies for the study of the disease in humans. Incidentally, 
great strides are being made in this regard by a number of researchers 
who are developing animal models of primary and secondary#aEody- 
nia 58 ' 59 (also^L Jasmin, MD, PhD, FRCS, oral oommunicati^A^t 
29, 2001). In the meantime, based on an undersjanc^i^^Afefmal 
physiology and armed with clues from similar dis$t&es imhumans, 
much insight can be gamed from maiitorin^h^tatAis^^bicdiemi'- 
cal pathways or physiological processes that rnay "be affected in the 
disease process. A focus on the former/s^dijal meafurement of neu- 
rotransmitter levels in cerebrospinal fluid (S^), facilitates the design 
of experiments that are relatively simple jmd suSject to control, with 
the outcome providing a direct linkup a drug discovery target. The 
results from any single analysis, hdw^ver^maybe difficult to interpret 
and will represent only offe pifee o!fM)mamic puzzle at a single point 
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Kranz/er, in time. In contrast, testl|p#^nysiblogical function, such as brain 
Gcndreau, imaging or sleep lab maiitoring > provide a more integrated perspec- 
tive, but the data obtained may^be of less practical use for the discov- 
ery or development of .pharmaceutical compounds. 

Although thei^^hlpdreds of papers in the literature attempting to 
identify quantifiable, pbjective, and meaningful biological differences in 
FMS patients, mKtj/ are designed as pilot studies and lack sufficient 
power or%>ntrols to be conclusive. Therefore, we will limit our focus in 
this, review td those findings that have achieved a critical mass of pub- 
lished data and that may be of interest to the psychiatric community. 
^'43|n the* biochemical side, we will summarize the changes in neuro- 
| transmitter function and neuroendocrine status in FMS patients; we 
>will then review the data garnered from more "functional" assays, 
, / - ;r including sleep lab and brain-imaging analyses in FMS subjects. 

^ s Neurotransmitter Function in Fibromyalgia Syndrome 

# Many of the assays developed by previous efforts to dissect the roles 

and relationships of various neurotransmitter systems in human psychi- 
atric disease have been employed in the study of FMS. Although vari- 
ous investigations have examined a potential role for many of the 
known monoamine and peptide neurotransmitters in FMS, 60 " 62 most 
current knowledge concerns alterations in 5-HT and SP in affected 
patients. In general, the available data suggest a possible decrease in 
serotonergic activity in FMS patients and support an increase in SP as 
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associated with the disease. Each of these observations, along with sup- 
porting data and potential implications, will be discussed in turn. 

Changes in Serotonin — Given the central role of 5-HT in mediating 
many of the pathways that are clinically compromised in FMS, it is not 
surprising that 5-HT was the first neurotransmitter hypothesized to be 
involved in the disease. 63 Evidence for involvement of 5-HT in 
has recently been reviewed by Alnigenis and Barland. 64 As described 
previously, the serotonergic descending inhibitory pathways can ^§|L 
the sensation of pain. Another common symptom in FM!5 paifents^ 
fatigue, may also involve serotonergic pathways through a m^be^f 
different mechanisms, including, but not limited t o^h e ^<|je o^j^HT 
in regulating the hypothalamic-pituitary-adren2j^fH ( ^) asds," elabo- 
rated upon in greater detail later in this artidf^Sl^ep disjSirbances, 
reported by the majority of FMS patients, may g^^mplicate 5-HT, 
due to its central role in the regulation of sleep^ake^ycles. 66 Finally, 
the frequent comorbidity of psychiatric conditipris, such as depression, 
in FMS patients further supports ^di^urb^^e immonoamine function, 
particularly 5-HT J ^^^^ 

Attempts to confirm an abnorm^^S5?HT neurotransmission have 
measured levels of 5-HT, its precurs^^^^ptophan, and its metabolites 
5-HTP and 5-HIAA, in thefblood, GSF, and urine of FMS patients. 
As only 1% to 2% of 5-HT ! %found in the brain (with the rest derived 
from platelets, mast cell^|Qd%nterochromaffin cells of the gastroin- 
testinal tract), thfrnost consistent results regarding alterations of 5-HT 
function in F&S arKderi^fell from sampling CSF Although 5-HT lev- 
els were not measured directly, both Houvenagel et al 67 and Russell et 
al 61 reported decreed levels of 5-HIAA in the CSF of FMS patients 
versus controls. In the former study, controls included patients with 
lower^b^dk^mrf as well as pain-free subjects, with significant separation 
.^in b|)th ca|es. No correlation between degree of pain and 5-HT levels 
i% F^IS^patients was documented. A more recent study by Legangneux 
-et al 6 ^ was only able to replicate this difference in CSF 5-HIAA levels 
in female FMS patients versus controls; the small number of male sub- 
jects in the study precludes drawing any definitive conclusion. 
' In peripheral blood, there have been several studies in which 
researchers looked, with variable results, at tryptophan levels in FMS 
patients. 64 Of greater interest are studies measuring 5-HT levels. In 
these studies, too, the results are not entirely consistent, yet, most of 
these researchers find lower levels of 5-HT in the serum of FMS 
patients as compared with normal controls. In one report, serum and 
platelet 5-HT levels were demonstrated to correlate. 62 A significant 
inverse correlation between serum 5-HT level and the number of ten- 
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der points in FMS patients was noted by Hrycaj et al, 69 who compared 
FMS patients with RA patients and normal controls. Similarly, 
Ernberg et al 70 found lower serum 5-HT levels in FMS patients than in 
RA patients. They speculated that the lower serum 5-HT levels in FMS 
were the result of increased platelet activation in these patients, leading 
to release of 5-HT into the plasma fraction of the blood, wtorppon 
some of that 5-HT is sequestered by binding to nociceptors.^Meed, 
the researchers found that a high plasma-to-serum 5-Hl^^|io%as 
associated with orofacial pain and anxiety in FMS^patieMs. However, 
the authors results and explanation are in conflict wid^helfe|ent find- 
ings of Legangneux et al, 68 who reported higher levels of%pT in FMS 
samples versus controls despite using platdef^nenpasma as the source 
ror assay ^% * r 

The lack of consistency in the measuremeri^f compounds related to 
5-HT in body fluids is not surprising because^uch variability also has 
been the case in the attempt to docutnTen^educed 5-HT in depression, 
even within the CSF. 71 In^fact|^he ^elective serotonin reuptake 
inhibitors (SSRIs), whic^^c^ase%iM^r centrally lead to decreased 
CSF 5-HIAA, presumsS^^lkisia^f feedback inhibition as a result of 
increased 5-HT within the synaptic cleft. 72 It has been suggested that 
CSF 5-HIAA is mc^tfteflectiveof 5-HT activity in the prefrontal cor- 
tex, based on analyse£|of postmortem samples of suicide victims. 73 

In contrast to''6SF 5-MIAA levels, the measurement of reduced 5- 
HT u^alce by|)ktelets has proven to be a consistent marker for melan- 
chohc^^p^siorfeas4ias, to a lesser extent, the measurement of 5-HT 
transporfe||binding. 74,75 To date, however, results of the research experi- 
ence direcSfeat these two measurements in FMS patients has not been 
satisfying. We have not found any published studies of 5-HT uptake in 
^^l^fSiJpatients, and multiple attempts to identify changes within the 5- 
I H% transporter by measurement of platelet [ 3 H] imipramine or [ 3 H] 
^paroxetine binding have yielded conflicting results, from higher 76 to 
lower 77 to the same 68,78 as controls. A possible association of the syn- 
drome with a polymorphism in the 5-HT transporter gene regulatory 
region has surfaced in genetic studies of FMS patients. 79 FMS patients 
in this cohort had a significantly higher distribution of the S/S geno- 
type (homozygotic "short allele," consisting of a 44-basepair insertion in 
the transcriptional region of the 5-HT transporter gene), which is asso- 
ciated with decreased 5-HT transporter messenger RNA transcription 
and decreased 5-HT uptake capacity in vitro. These patients also had 
higher mean levels of depression and psychological distress clinically 
than did controls. 
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In summary, the body of published data, while providing some inter- 
esting clues, is not sufficient to either support or reject the hypothesis 
that there is a dysregulation of 5-HT metabolism in FMS. In both 
serum and CSF samples the assays performed of 5-HT levels and/or 
their precursors and metabolites, as well as of platelet [ 3 H] imipramine 
or paroxetine binding (representing 5-HT reuptake sites), are oftefr 
variable in their reported results from different laboratories using sinw 
lar techniques. Although it may very well be possible in some cas^%K 
reconcile the different results, the analogy to depression ^^^ch^ 
prompted much of this work at the outset) does not provide m\kh cdija/ 
fort that this will be the most productive a^ejiue^of research. 
Specifically, although the monoamine hypothesis^^dep^^sion was 
suggested more than 30 years ago, and despite anNextraordina^y amount 
of effort and resources having been devoted toward^llecting data to 
establish a direct link between neurotransmitter deregulation and 
depression, the goal remains elusive. In hindsight, given the complexity 
of the clinical presentation of depression ^d4he> neurotransmitter cir- 
cuitry possibly affected, it is noj^rprising t&a^ven if a discrete neu- 
rotransmitter defect were to exis^^nay^ery well be masked when 
measured systemically Arguably, because^depression may appear as only 
one of the multiple symptom^ withinohe FMS complex, the task of 
sorting out cause and effelf|within a single neurotransmitter system 
may prove even more fc^^^ab^lFor FMS. 



SP is an 11-amino-acid neuropeptide 



Changes in^Slibstanice PV 
thought to l^invJlMei^i&nociception. 80 ' 81 It is found in both small, 



thinly myelinated!^ 5 afferents and nonmyelinated C-fiber afferents ter- 
minating in the dorg&f horn of the spinal cord. Direct application of SP 
to dorsal|llorn sensory neurons causes slow and prolonged excitation, 
similajWiHtn%^sponse elicited by noxious stimuli. It has been suggested 
^that^P alb as a neuromodulator, via the NK } receptor, sensitizing the 
V nquroi^t<-> the effects of other excitatory neurotransmitters. 82 Because 
Bipf^ts presumed role in pain transmission, multiple studies have 
"attempted to document changes of SP in chronic pain states. 

In contrast to the 5-HT study results, the differences described 
regarding SP in FMS have been reproduced by multiple groups. 
Although SP levels in serum and urine of FMS patients have been 
reported as normal, 60 levels of SP in the CNS of FMS patients have 
been found to be consistently high in four different studies. 62,83 " 85 In all 
of these, the SP elevation in CSF was 2- to 3-fold greater than that 
found in normal controls, with little overlap between the values of the 
two groups. 
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However, the significance of these results and their relationship to 
FMS pathophysiology remain unclear. Russell, 60 based on unpublished 
data, has suggested that there is a trend toward correlation of CSF SP 
levels and pain severity in FMS patients over time. The source of the 
increased SP levels is unknown. Although it was anticipated that CSF 
SP would derive, primarily, from diffusion of neuropeptide reteged by 
afferent nerve fibers into the dorsal horn, 86 no increase in lumbffi|kvel 
CSF SP could be induced by noxious pressure on the lowe^^pdy N ten- 
der points, which would be expected to stimulate($he j&imary^fer- 
ents. 62 This result is inconsistent with extensive ajnj^l^w,ork that 
demonstrates release of SP into the dorsal h^i^m^spoi^to noxious 
stimuli 87 * 89 and, therefore, bears repetition.^Si^ffiMh^^ncentrations of 
both SP and NKj receptors are found^fe ojrher arpas of the brain, 
including the striatum, hippocampus, raphe nucleus, and lateral nucleus 
of the hypothalamus. 90 However, it is difficult ^definitively character- 
ize the increased CSF levels of SP as^c^dary to increased brain lev- 
els because it is known thaUthe br&n^tiraulates the release of 5-HT in 
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Gendreau, \ t IS Q f interest that, although high CSF levels of SP have been 
reported in trigemin#neuralgS, 94 other chronic pain states, including 
low back pain and paftiiul diabetic neuropathy, are accompanied by low 
levels of CSF ^P^^^c^monoamines, including 5-HT. 95 ' 97 Clearly, pro- 
posing &%hc-ik mocjfel, such as wind-up, to apply to all chronic pain 
disordSf is^bp^^listic to fit the full complement of data collected to 
date. Nevertheless, as the single most concrete neurochemical differ- 
ence identifiM to this point in FMS patients, the high CSF concentra- 
tions of SP must be taken into account in any future investigation of 
^mechariisms underlying FMS. Moreover, the potential inverse relation- 
A (( s3Sp between 5-HT and SP should be explored further. In this regard, 
V X %i|Gfiwar2 et al 98 reported a clearer result in serum, in which, despite nor- 
mal levels of SP and 5-HT, a strong negative correlation could be doc- 
umented between SP and both the 5-HT precursor tryptophan and the 
5-HT metabolite 5-HIAA. Furthermore, in these experiments high 
serum 5-HIAA and tryptophan levels showed a significant relation to 
low pain scores, whereas high 5-HIAA levels were related to good sleep 
quality and high SP levels were related to sleep disturbance. 

Neuroendocrine Changes 

The HPA axis serves as the link between a stressor, such as pain, and 
an individuals endocrine, autonomic, and behavioral responses. 
Classically, the HPA axis is regarded as a system programmed to react 
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to changes in the environment by producing chemical messengers that 
mediate physiological changes to maintain homeostasis." However, 
recent evidence complicates this simple model by suggesting that 
genetic influences, environmental factors early in life, and exposure to 
chronic stress can permanently affect the HPA axis and predispose to 
the development of disease. Although much of this work has been done, 
in the context of understanding the contribution of these changes to tfo 
pathoplysiology of affective disorders, 100 similar mechanism^S^ 
believed to be operative in FMS. 101 # ^ 

The key mediator in the HPA cascade is corticotropin-reka^g rap* 
mone (CRH), a neuropeptide produced in the p^^n^^k^^po- 
thalamus in response to physical or pychological^tre^ 'CJ^|J, in^turn, 
stimulates the release of adrenocorticotropin h<£mpg£ (AC^H) from 
anterior pituitary cells, which prompts the secretion^rf glucocorticoids 
from the adrenal gland to elicit adaptive reactions tr the perceived 
threat, such as increasing blood glucose la^elS|^ r CRH can also exert 
secondary inhibitory effects on grpw^i h|g^one (GH) and thyroid- 
stimulating hormone by functioning as a neurotransmitter, increasing 
the secretion of somatostatin from hypothalamic and cortical neurons 102 
and causing hypothalamic LHRH (letitenizing hormone releasing hor- 
mone) secretion. 103 Simultaneous to activation of the HPA axis, an 
organism will react to stress%rith a "fight or flight" response, mediated 
by the autonomic ner|^is system and resulting in physiologic changes 
such as tachycardia and hypertension. 

Despite the^pn^plexi^B'f both the neuroendocrine feedback loops 
and the disease^iCwhich they are being studied, there is general con- 
sensus on the statusVof the HPA axis in FMS patients, as documented 
within tleljiterature. The observations made in FMS include (1) nor- 
mal to sUgh%pelevated basal blood Cortisol with blunted diurnal varia- 
tion! and resistance to suppression by dexamethasone 104 ; (2) low to 
%prm^24-hour urine Cortisol 105 (also, LJ Crofford, MD, oral commu- 
nication, September 10, 2001); (3) normal Cortisol response to ACTH 
challenge but blunted Cortisol response to CRH challenge 105 " 107 ; (4) nor- 
mal basal ACTH 101 ; (5) exaggerated ACTH response to CRH chal- 
lenge 105107 ; (6) decreased insulin-like growth factor (IGF-1) 108 ; and (7) 
reduced thyrotropin response to exogenous thyrotropin-releasing hor- 
In addition, the autonomic nervous system of FMS patients is 




mone. 



characterized by increased sympathetic and decreased parasympathetic 
tone, as evidenced by exaggerated changes in blood pressure and heart 
rate with postural change. 110 There is disagreement, however, as to the 
interpretation of these findings. 
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Neeck and Crofford 101 interpret this profde as representing hyperreac- 
tivity of the HPA axis secondary to chronic stress and the resulting 
increase in CRH activity. This interpretation is analogous to melan- 
cholic depression, in which a similar pattern of hypercortisolemia, sym- 
pathetic nervous system activation, and inhibition of growth and 
thyroid function have been demonstrated, 111 albeit with a diminished 
ACTH response to CRH stimulation. 

In contrast, To ipy et al and Heim et al 113 interpret these ve lySame End- 
ings as supporting decreased CRH neuronal activityjin FMS, ahd^they 
argue that the paucity of CRHs known antinodceptiy^ff^^/through 
activation of arcuate nucleus pro-opiomelanocoi^iyneurons' may con- 
tribute to the hyperalgesia in FMS. 52 In th^^^elT^p d)sautonomia in 
FMS is attributed to lack of stimulatory ii^b^byiCRH^leurons to central 
control nuclei (Al, A2, A6) within the DLP%£the sympathetic nervous 
system, 114 resulting in relative hypovolemia sura an exaggerated NE 
response (see Figure 2). ^ 

Surprisingly, there has beentno attempti as of yet to directly measure 
CRH in the CSF of FMS^a^its tfep^vide evidence for choosing one 
model over the other. However" similar attempts in depressed patients 
have yielded conflicting residb^^Control of CRH neurons is via stim- 
ulatory 5-HT- containing neurons projecting from the midbrain 
raphe, 65 stimulatory^fc-containing neurons from the locus coeruleus, 116 
and inhibitorySP%^tpning central neurons. 117 

Therefore, it&s tenfpting to link the hypocortisolism model of FMS 
to red%^efentfys§^HT and/or NE or to increased central SP, consis- 
tent wiik^RusselTs previously cited work. 62 Likewise, the observed 
hypoactivity|fe>f the GH axis in FMS can be attributed to low levels of 
OM-releasing hormone, which, due to diminished direct stimulation by 
^NE-^oritaining neurons, must counterbalance and overcome the ten- 
(\ dency of lower levels of CRH to increase somatomedin release. 112 In 
\, ^cohtrast, the hypercortisolism model of FMS accounts easily for the 
^ decreased levels of growth and thyroid hormones by a direct inhibitory 
effect of CRH on somatomedin release. 101 However, it is less simple to 
reconcile this model to the neurotransmitter results of Russell. 60 Neeck 
and Crofford 101 suggest that the answer may lie in differentiating short- 
term versus longer-term effects of neurotransmitters on the HPA axis. 
For example, although citalopram, an SSRI, increases HPA activity in 
the short-term (presumably by a direct stimulatory effect of 5-HT on 
CRH release), longer-term treatment with citalopram desensitizes the 
HPA axis, consistent with its antidepressant effect. 118 Similar results 
have been reported with desipramine, a tricyclic antidepressant (TCA) 
and NE reuptake inhibitor, 118 with the long-term desensitization effect 
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of NE on the HPA axis presumed to result from increased central sen- 
sitivity to the feedback of corticosteroids. 

In summary, as the field has progressed and as investigators have 
learned to parse the neuroendocrinology findings specific to FMS from 
the ongoing processes of CFS, depression, and other disorders that 
often coexist in FMS patients, some clarity is emerging regarding the^ 
profile of the HPA axis in FMS. Areas of uncertainty, such as the roll 
of CRH, will be further clarified by the use of CRH-modul|^ilj 
drugs 119 as biological probes, which may lead to potential t^heraj&irtics 
for FMS. Whether the characteristic hormonal profile of^MS|js 
involved in the pathophysiology of the disease or is^refleBion%j&fhe 
patient s symptoms remains to be determined. 





Alterations in Sleep 

In addition to pain and fatigue, noniestorati^^sle^^is a common 
p roblem in FMS and is reported to occur^iPinoIre than three quarters 
of patients. 120 " 122 Sleep electioencephalo|^pn^has demonstrated a 
number of abnormalities in th^uleegf arcnite^uie of FMS patients, -| 31 
including prolonged sleep latenc^0M^slii|f efficiency, a reduction in Kranzler y 
slew-wave sleep (SWS), an increase^in y alpha (stage 1) sleep, and an 
increased number of awakenings. 122 126 ' A fairly common finding in 
FMS patients is the preseiftfe^of so-called "alpha-delta" sleep abnor- 
malities — the presencf^oKyplp^waves during SWS — that appear to 
correlate within^eas|i vigilance. 122,127 * 129 Other associated sleep prob- 
lems seen oApci^y mEFMS patients include periodic limb move- 
ments and sleej^aj?nea. 123,130,131 

Sleep ,|bnonnalil^ of course, are not specific to FMS; they also are 
seen in of^er chronic pain conditions 124,132 and in depression. 133 In fact, 
it ha^^bfeen%jp>wn that sleep deprivation in normal individuals can 



Result in^myalgic syndrome that resembles FMS. 134 * 137 This finding 
x has led t/the hypothesis that sleep abnormalities may play a causal 
^^AmFMS pathophysiology. 1 ^ 137 ' 138 

x \ The initiation and regulation of the sleep state is quite complicated, 
\ ; with a number of midbrain and pontine serotonergic, noradrenergic, 
^ and cholinergic nuclei playing a role. 138 Thus, it comes as no surprise 
that agents that affect neurons within these nuclei or neurotransmitter 
systems also may have profound effects on sleep. Such agents include 
antidepressants, benzodiazepines, and y-hydroxybutyrate; agents that 
augment SWS may be particularly beneficial. 133,139 As discussed else- 
where, all three classes of agents have been tested, with varying degrees 
of success, in FMS. However, studies correlating drug therapeutic 
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effects with alterations in sleep architecture have been limited and, so 
far, remain inconclusive. 140 

Neuroimaging Studies 

Several studies have utilized functional imaging to investigate abnor- 
malities in CNS function in FMS patients. 19141 " 144 Two of thesfev|£udies 
used single-photon emission computed tomography (SPECTf^ia^- 
ing, 19,141 and one used positron emission tomography (PEp)?^T1iese 
techniques are similar, employing radioactive t^cersmo measure 
regional cerebral blood flow (rCBF) in brain areas of int||resr^urrently, 
the main difference between these technologie|Jlfc tnl&^rET uses 
radioactive tracers with a shorter half-life t^^^fi^J which results in 
improved temporal resolution. 145 In co^st^o S^fCT and PET, 
Petzke et al 144 utilized functional magnetic resonance imaging (fMRI), 
a technique that directly tracks local charigesjm blood flow through 
changes in water molecule density. lA jp@&lf£& three techniques, fMRI has 
the highest spatial and temporal re^mimi. 146 
1 82 The study by Mountz et^ 19 r|mnd%teteral hypoperfusion of the thai- 
Kranz/er, amus and head of the caudafe4lilleu^ in 10 women with FMS as com- 



Gendreau, pared with 7 age- and education-matched controls. Concerns regarding 
an ^ s study (beyond its|small size) were the medication status and psy- 

chological state of the^gatients. Based on self-reports, patients discon- 
tinued their mediStipnsK days prior to the initiation of the study. The 
serum hdf^livek, howjever, of some of the medications, including fluox- 
d akiMptytine, are measured in days 19147 ; thus, significant 
s of such medications were probably present in some 
patients at tfee'time of their scans. More importantly the patient popu- 
lation appeared significantly more depressed and/or anxious (per the 
^S&n^^for Epidemiological Studies Depression Scale and the Trait 
^ l K Anxiety Inventory, respectively) than the controls. 19 
\. ^J^^Some of these concerns were addressed in a recent SPECT study 141 
>\ aimed at confirming and extending the results of Mountz et al. 19 This 
study evaluated a total of 17 patients and 22 controls (all women). At 
the time of the study, 10 of the FMS patients were taking antidepres- 
sants, benzodiazepines, and/or narcotics. The remaining seven patients 
were not taking any medications within these classes. Once again, how- 
ever, the FMS patients were significantly more depressed and/or anx- 
ious than were their control counterparts. The results did confirm that 
rCBF in FMS patients is abnormal; however, statistically significant 
changes were only found in the right thalamus (the reductions in rCBF 
seen in the left thalamus did not reach statistical significance). The 
authors were also unable to confirm the bilateral changes in the heads 
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of the caudate nuclei, as had been found by Mountz et al. 19 Finally, 
additional abnormalities in the inferior pontine tegmentum were noted. 
The results for patients not taking medications were similar but less sig- 
nificant; it is not clear whether this reduction in significance was a result 
of differences in neuropharmacology or due to smaller sample sizes. 

Taken together, these studies suggest that FMS patients may havl 
reduced rCBF in one or both thalami. Studies in other forms of chronic 
pain have also found decreases in thalamic rCBF, and these charts* 
may reverse when the pain is alleviated. 148 * 151 A concern wit^the 
Mountz et al 19 and Kwiatek et al H1 studies is a lack of contrql^or con- 
comitant depression and anxiety. Patients with such^^ondi^ons whp do 
not have FMS also show abnormalities in rCBF, 15 ^ 53 ^h^%h the over- 
all patterns appear different from those found^in>the/two studies just 
described. Finally, the possibility of rCBF abnorm^^s in the inferior 
pontine tegmentum is tantalizing, as a number o^udfeiKvith descend- 
ing inhibitory effects on nociception are io^ted in and around this 
region, as described previously (Figi^2).^/^ j 

Of particular interest from a p^^ph|rsiol%feM perspective is the work 
of Petzke et al, 144 who used the fMMi^^lg-modality to investigate dif- 
ferences in cortical activation betweeS^^FMS patients and 16 co 
while they underwent pressu#*pain testing (thumbnail pressure). 




controls 
pressure). Each 




pressure-pain testing 
FMS subject had an fMRLp^fo rmed while being subjected to "moder- 
ately painful" piessure^^^tPie^^ by the Giacely Scale. 154 The control 
subjects were sinned Imderlwo conditions: the "stimulus pressure con- 
trol" conditio^ndp&^%i^[ectiMspain control" condition. The former 
referral to testini^|ie controls with the same level of mechanicd pressure 
as used #n the FMS^patients, whereas the latter involved scanning the 
controls%^n they, like the FMS patients, reported moderate pain. It was 
found-that thVlevels of corti cal activation between the FMS patients and 
^the &ontro|s under the subjective pain control condition were similar. 
H Howogr/fMRI scans of control subjects under the stimulus pressure 
control condition showed no significant activation. These results are 
strongly supportive of alterations in the threshold and gain of the noci- 
N jceptivesystem in FMS patients and are consistent with a model of cen- 
tral sensitization. Note that although data regardng the effects of 
psyiiological state on fMRI results were not presented, this lack of data 
presents less of a concern in fMRI than in PET or SPECT scans, as a 
change from baseline within the same patient is being measured. 

Clinical Pharmacology of Fibromyalgia Syndrome 

The investigation of therapeutics specifically for FMS has tended to 
lag several years behind studies for other chronic pain conditions. With 
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the exception of a significant body of literature pertaining to the use of 
TCAs, only a handful of randomized controlled trials have been pub- 
lished evaluating the efficacy of other proposed therapeutic agents in 
FMS. In addition, FMS has not received much attention from the 
pharmaceutical industry, and no medication currently holds an approval 
specifically for this indication. Without the pressures intrinskto the 
regulatory approval process, no consensus has been reached repir^ne 
many aspects of trial design, including designation of endr^ffi^SSrce 
no binary definition of a "responder" versus a "nonresponller" exists for 



FMS drug trials as it does for certain other rheumatol%jc2^^nditions 
such as RA, 1SS 156 debate continues regarding wtochj^dpomts are opti- 



mal. For example, even though there i^en€|ai^fgreement that the 
measurement and characterization of pal^its- pain/is of paramount 
importance, there are differing opinions regarding which measurement 
tools are best suited for this purpose. An<i although there is general 
agreement that assessments of fatigu€ipleep, depression, physical func- 
tionality, and overall well being are^^important, it is not clear how to 
-| 34 integrate all of these data|mto 1 composite determination of efficacy or 
Kranz/ert a definition of responsef^^^^fcie-specific tool introduced in 1991, 
Gendreau, tne Fibromyalgia Impact Qimktkmnaire (FIQ), is one of many efforts 
to standardize the measurement of patients' responses to interven- 
tions. 157 The nQj^relatively brief, 10-item, self-administered tool 
designed to evalt^fe|ph|^ical functioning, work status, depression, anx- 
iety, sle^^aii^tiflffless, fatigue, and overall well being, and, although 
it ha^eer^^eo^te^ently as an outcome measure, no consensus exists 
regarding|its validity as a stand-alone primary endpoint. Another tool 
that has beji^utilized often in FMS studies is the short form of the 
l^Gill Pain Questionnaire. 158,159 Through the use of various pain 
^^scflp^ors, such as "aching" and "exhausting," this instrument 
^ £. appears to be quite sensitive to changes experienced by FMS patients 
N \>, ^l^nliergoing treatment. It is not a disease-specific instrument, how- 
^ mn ^^^ ever, and like the FIQj, it is not used universally within the FMS clin- 
ical research community. 
: V^. Compounding the impact of these factors, a large percentage of the 

existing clinical data is derived from relatively small studies, and high 
dropout rates and placebo response rates have often compromised the 
statistical power and significance of these results. 160161 Trials have also 
tended to be of short duration, and there is very limited information 
regarding the long-term efficacy of any of the agents currently used in 
the treatment of this chronic condition. 

Other trial-related issues deserve mention as well. Although the 1990 
American College of Rheumatology criteria for the classification of 
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FMS have helped standardize the identification of patients appropriate 
for entry into clinical trials, 4 the patient population remains extremely 
diverse and heterogenous. In addition, most of the published trials have 
enrolled predominantly tertiary care patients — patients who tend to be 
the most refractory to available therapies. 25 Therefore, these data may 
not accurately reflect the characteristics of the FMS population as 
whole, which includes a large percentage of less severely impaired 
patients treated in primary care settings. 4,162 

The issue of comorbid depression and its impact 031 patfents 
responses to therapeutic interventions is also critical in the^edgii^of 
FMS trials. Standard practice has been to exclude r^ent^witfrs^eye re 
psychiatric illness from clinical trials by way ofjn^r^p^^ 
metric instruments such as the Hamiltof%Ra1:ing Scale for 
Depression, the Montgomery-Asberg Depression Rating Scale, or the 
Beck Depression Inventory as prescreening tools. However, a 




great deal of additional information is 
interrelationships between depres^ion^ pagy 
FMS can be ascertained. 




before the complex 
f and other symptoms of 



The Fibromyalgia Syndrome Pharmacopoeia 

A broad array of medications are used to treat patients with FMS, 
with varying degrees of sudi^. 168171 Although antidepressants are the 
cornerstone of current^tr^^e v r|t^aradigms, many other agents within 
the standard armamer[|ariurr|^ of the psychiatrist have been employed in 
the managentitnt Q^El^fe^tients, including anticonvulsants, antispas- 
ticity agents, anxiolytics, sedatives, and opiates. Nonsteroidal anti- 
inflammatory dru|^(NSAIDs) and acetaminophen also are used by a 
large numfer of patients, 172 even though peripheral inflammation has 
J ^ -Hstrated, 15 and numerous studies have failed to confirm 



not b,ee%der 

_JC theil. effectiveness as analgesics in FMS. 173 " 177 They do, however, provide 
an ( elemerit of protection against other peripheral pain generators, such 
^as^QA, and there is limited evidence that patients may experience 
(TnKanced analgesia when treated with combinations of NSAIDs and 
pother agents. 173 ' 176 ' 177 

In this section, we have chosen to review briefly a number of the many 
agents that have been employed to treat FMS. A drug was included if 
it met one or more of the following criteria: 

1. There exists a large quantity of clinical data for the use of the 
agent in the treatment of FMS, eg, TCAs, SSRIs, and 5-HT 3 
receptor antagonists. 

2. The approach is based on solid preclinical scientific data, eg, NK 1 
antagonists, NMDA antagonists, and GH. 
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3. The drugs have other uses in psychiatry, eg, mood stabilizers or 
antiepileptic drugs (AEDs), atypical antidepressants, anxiolytics, 
hypnotics, and a 2 -adrenergic agonists acting as antispasticity agents, 
such as clonidine and tizanidine. 

Some of these drugs can be supported as primary therapy. Others may 
have an adjuvant role in addressing symptoms other than pain(and may 
be important in the overall management of these patients. For example, 
anxiolytics and hypnotics, which have not been shown to be^fFectiVe^as 
analgesics, may provide clinically meaningful relief o£ sym^t^ms'r^lated 
to sleep disturbances, anxiety, and fatigue, thereby j^ro^g overall 
well being. 168 177 " 179 A review of commonly used agints^fegregated by 
pharmacological classification, follows, 

Antidepressants 

Antidepressants of all varieties represent^ common form of therapy 
for many chronic pain states, includ%g^FMS. 21168 ' 171 The majority of 
available antidepressants directly anchor mdirecdy increase the levels of 
5-HT and/or NE in th^^Nl. I^a^aminergic levels are increased 
either by inhibiting re^aH^fl^iblbcking transport proteins) or by 
interfering with the breakdo^^^Fthe monoamine after its release into 
the synaptic cleft (b|p inhibiting the monoamine oxidase [MAO] 
enzymes). As previously discussed, 5-HT-mediated antinociceptive 
effects have beerf K|3al^d to the level of the dorsal horn (mediated by 
both direct ailiindtfecl: effects) and to the level of the RVM. NE- 
meoU^| nietiro^aiismission has antinociceptive effects at the level of 
the dorsaifhorn and PAR 

/NAJthougl^urrent classification schemes have tended to segregate 
aiMits basecl on their in vitro effects on 5-HT and NE reuptake activ- 
^ity, agents within a given class vary significantly in terms of their rela- 
I tive in vitro and in vivo actions (see Table 2). 147180 * 183 And although the 
%jgptimal combination of 5-HT and NE modulation is not well defined 
for FMS, the results of studies of other chronic pain conditions has, in 
general, indicated that antidepressants having both serotonergic and 
noradrenergic actions have a more consistent antinociceptive effect than 
do SSRIs. 184 They also suggest that a shift toward greater noradrenergic 
enhancement may be critical for optimal analgesic effect. 185 

Tricyclic Antidepressants — TheTCAs most commonly employed in 
the treatment of FMS include amitriptyline, doxepin, and cyclobenza- 
prine. 168,170171 Although cyclobenzaprine is typically classified as a mus- 
cle relaxant rather than an antidepressant, it shares structural and 
pharmacological similarities with the TCAs, even though its sedating 
qualities often override its usefulness in other applications. 186 TCAs 
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block the reuptake of both 5-HT and NE, but they favor NE reuptake 
blockade, with the ratio of rC for NE reuptake to K t for 5-HT reuptake 
ranging from 1.6 for amitriptyline to 168 for nortriptyline (Table 2). 
Amitriptyline (with a half-life of 12-36 hours) is metabolized primarily 
to nortriptyline (with a half-life of 22-88 hours), 147 further adding to 
the NE bias, especially at the lower dosages that have been used histo; 
ically to treat chronic pain. The efficacy of TCAs, therefore, can b 




interpreted to support the primacy of NE agonism for analgesic £ tf^^ 
ity. Beyond increasing NE and 5-HT levels, TCAs have o#ier i%pr-^ 
tant pharmacologic properties, including dopamine reuptake hthibiti<|nf 
NMDA antagonism, and ion-channel blocking activity. 18 j More, 
there is overlap between the mechanisms of a^i^^i^^^^channel 
blockade) of the tricyclics and other agents ^udh as antie|)ileptics. 
TCAs' additional anticholinergic, antihistaminer^^tod (X-adrenergic 
receptor blockade activities impart a wide assortmeffp^f undesirable 




hibil^A^ctivity (IC S0 ) 

the TCA, SNRI, and SSRI 



- > f~~7 . - ) 

Comparison of Monoamine Reupt 

The IC so s of a number of antidepre 
classes are presented to differentiate dru^fen 3ieT?a1sis of their relative selectivity for 
NE and 5-HT. Some of the SNRI data are m>tri different sources than those of the 
other agents, so several references alfe providedTor comparison, particularly because a 



variety of in vitro techniques werefused by the various authors in generating this data. 
Class 



AGENT 

SNRI 



• ,%<E(nM^ BiHTIitM) 



RATIO (5-HT:NE) 



REFERENCE 



Milnacipran 

V 

Duloxetine^,, 



100% 
31.4 
46 



£ Venl|faxine| 640 
2483 




203 

61.8 

28 

0.5 

210 

82 



1:2 

1:2 

1.6:1 

15:1 

3:1 

30:1 



Moret et al 180 
Palmier et al 181 
Kasamo et al 182 
Bymaster et al 183 
Sanchez and Hyttel 147 
Bymaster et al 183 



Affitriptyline 
Nortriptyline 

'SSRI 



24 
3.4 



39 
570 



1:1.6 
1:168 



Sanchez and Hyttel" 
Sanchez and Hyttel" 



Fluoxetine 370 6.8 54:1 Sanchez and Hyttel 147 

Citalopram 6100 1.8 3400:1 Sanchez and Hyttel 147 

Paroxetine 81 0.29 280:1 Sanchez and Hyttel 147 

IC S0 =dosc at which 50% inhibition of neurotransmitter reuptake activity occurs; 
TCA=tricyclic antidepressant; SNRI=dual reuptake inhibitor; 
SSRI=selcctive serotonin reuptake inhibitor; NE= norepinephrine; 5-HT=serotonin. 
Kranzler JD, Gendreau JF, Rao SG. Psychopharmacology Bulletin. Vol 36. No 1. 2002. 



187 



Kranzler, 
Gendreau, 
and Rao 



PSYCHOPHARMACOLC 



Bulletin: Winter 2002- 



i 



The Psychopharmacology of Fibromyalgia 



side effects, which often compromise the tolerability and clinical 
acceptance of this class of agents. 195 

TCAs have demonstrated moderate efficacy for the treatment of neu- 
ropathic pain conditions such as postherpetic neuralgia and painful dia- 
betic neuropathy. 196 " 199 Multiple studies of TCAs in the treatment of 
FMS support their use in this syndrome as well, and TCAs have fre- 
quendy been used as the positive controls with which newer agen%^iave 
been compared. 196 ' 199 ' 202 

The results from TCA trials in FMS have been<gom]$fcl ar!<Hna- 
lyzed in two meta-analyses (Arnold et al 160 and O'MaMWet ap) utiliz- 
ing 9 and 13 antidepressant trials, respective^ In^^en^^tne authors 
both concluded that TCAs provide "modfr^|in^^ement in FMS, 
with the greatest impact on measuremeri%gf^ieep, overall well being, 
and pain severity. Arnold et al 160 reportet|that significant clinical 
response to TCAs was observed in 25% fp 3^ of patients, whereas 
O'Malley et al 161 reported that patient^elliving TCAs were "four times 
as likely" to report overall improvement (compared with placebo) and to 
1 88 experience moderate rea^&on| in individual symptoms. 
Kranzitr, It is important to notcT^^TO88Sfrials have evaluated low doses of 
Gendreau, TCAs, typically below tho^u^ed for antidepressant effects. Trial 
and R. ao d urat i ons have also ttnded tofte short — usually 6-12 weeks — with 
primary endpoints JHen obtained prior to the time when the maximal 
antidepiessant^if^pn^might be recognized. Although the antide- 
pressant>%:tivity of| these agents may oon tribute to the efficacy 
obserwd^ii^Ge^te^atients, their role as centrally acting analgesics 
appears%|be more critical. This premise is supported by results from 
trials ofvanfetis SSRIs, which, in general, do not appear to be as effec- 
ti|^analgesics as are the TCAs, even at doses with superior antide- 
^pressariLt activity. 196,203 Similarly, several studies have indicated that 
sHljRIs often significantly improve depressionbut do not impact pain 
%in^atients suffering from both. 201 204 

Selective Serotonin Reuptake Inhibitors — SSRIs have revolution- 
ized the treatment of depression with their improved side-effect pro- 
file secondary to more selective reuptake inhibition. 147 205,206 The SSRI 
agents fluoxetine, sertraline, and citalopram have each been evaluated 
in randomized, placebo-controlled trials in FMS. 200,201,204,207,208 The 
results of these trials have been inconsistent, leaving much debate 
re gardngtherelative efficacy of the SSRIs in FMS, especially in com- 
parison with TCAs. The results from two con trolled fluoxetine studies 
have now been published. The first of these, a double-blind, placebo- 
controlled crossover study comparing treatment with 20 mg fluoxetine, 
25 mg amitriptyline, and the combination of both agents, concluded 
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that there was significant efficacy with fluoxetine when compared to 
placebo and equivalent efficacy compared with amitriptyline. 201 This 
study also found that the combination of amitriptyline and fluoxetine 
was significantly more effective than either agent used alone, although 
whether this effect merely reflected higher blood levels of amitriptyline 
due to fluoxetines effect on cytochrome P450 was not analyzed. Tt 
results of a second double-blind parallel group comparison of the 
administration of 20 mg fluoxetine and placebo were essentially ^§^% 
tive, failing to show any significant improvement in pain^ al$h||ugh%^ 
mild improvements were noted in sleep and depression. 204 ItJ^ila^e 
noted that the statistical power of this study was impa^^ by^very 
high dropout rate and lower-than-anticipated ^rir^^eri^nd that 
almost twice as many patients receiving placebe^^tontinied com- 
pared with those receiving fluoxetine. 

Two placebo-controlled trials of citalopram, the|no^5-HT-specific 
of the SSRIs (see Table 2), in FMS patier^t%were both convincingly 
negative. 207 * 208 This suggests that s^^ergic^ctiyity alone is not suffi- 
cient to effect analgesia in the cr^ni^pain^ setting. In fact, the SSRIs i 39 
are, as a class, generally less effica!y^SWif#the TCAs in chronic pain Kranzier, 

states, based on the evidence assemHM^ date, 185 ' 196 - 209 - 210 although there c™/™> 
. 211,212 £t 



are some exceptions; ^ ^ 
Considering both the T^ and SSRI findings, we would suggest ~w 
the following: /^^k ^ 

1. Both noradr^ffttgiJ^id serotonergic activity can be antinociceptive 
in chronic tlain ^lates!?^ 09 ' 210 

2. The combination of positive results for TCAs (and maprotiline; see 
noradrenergic-s^feific reuptake inhibitors [NARIs] section) with the 
compa&tive \y poor results for SSRIs in general, and citalopram in par- 
ticular^ suggest that 5-HT may play a secondary role to NE for an anal- 
ggic effect in ch ronic pain. 185 This is in contrast to depression, in which 

"^JB^ole is generally considered to be secondary to that of 5-HT 213 
3^^e combination of NE and 5-HT is synergistic 201 and maybe opti- 
mal for FMS treatment. 
%^ Dual Reuptake Inhibitors — The term "novel antidepressant" covers a 
^ great deal of pharmacological variety, including serotonin/norepineph- 
rine dual reuptake inhibitors (SNRIs), NARIs, 5-HT receptor antago- 
nists, monoamine oxidase inhibitors (MAOIs), and others. 195 Although 
several of these agents appear promising for the treatment of FMS, 
results from controlled studies for these newer antidepressants are gen- 
erally not yet available. 

SNRIs are pharmacologically similar to TCAs such as amitriptyline, 
pdiibiting dual activity on 5-HT and NE reuptake. 147 Fortunately, these 
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newer agents are generally devoid of significant activity at other recep- 
tor systems, resulting in diminished side effects and enhanced tolerabil- 
ity. Therefore, this class of antidepressant may have significant potential 
for the treatment of FMS and/or other chronic pain conditions. 

Venlafaxine is the only SNRI currendy available in the United States, 
although several others are in various stages of clinical develop- 
ment. 214 ' 215 Although randomized, controlled studies are still S||Jung, 
one small, open-label trial of venlafaxine in 15 patients^i^FMS 
showed promising results. 216 Six of 11 patients who<§ompWd tiy trial 
had a positive response to venlafaxine, defined a§^M9ff^7 greater 
improvement in two different measurement of ojj||^ p|p- Insomnia 
was the most common side effect report^^lt^^irnlsa^unctive med- 
ical therapy in 3 of 11 completing patients^ / >r 

Based on the trends extrapolated from tSfeXCA and SSRI data, it 
would be expected that venlafaxine s efficacy in^pTClS would be depend- 
ent, at least in part, on its reported^E^activity. However, there are 
recent data suggesting that^^laf^f^^ primarily a 5-HT reuptake 
inhibitor at lower doses^yith |JE effects apparent only at high doses, 
ie, 375 nig/day, 217 * 218 whic^^^iSeantly higher than the mean final 
dose of 167 mg/day reported^ the FMS trial of Dwight and col- 
leagues. 216 The inabiHlfk>f Haniy et al 217 to document in vivo NE reup- 
take blockade with^lv^dose venlafaxine may reflect their utilization of 
a blood pressur^r^gpTOe^to infused tyramine as the assay for readout 
of NE ae!mty:||lor^:ecentl^ Gilmour, Owens, and Nemeroff (unpub- 
lished^ta,^dSii)^eveloped an assay incorporating the cloned NE 
transpor^gene transfected into HEK-293 cells. 219 Using this more 
sensitive asstyf this group was able to demonstrate NE reuptake block- 
ade pc vivo with paroxetine at antidepressant doses at which in vitro 
^bincli^tg to the NE transporter cannot be measured. It would be 
expected that, were this protocol repeated for venlafaxine, significant 
%>inHibition of NE reuptake might be detected at doses approximating 
those administered by Dwight et al 216 to FMS patients. 

A second SNRI, duloxetine, an agent similar to venlafaxine with rel- 
atively more inhibition of 5-HT reuptake than NE, is also in clinical 
development, and the results of FMS and depression studies are pend- 
ing. Milnacipran, another SNRI, has been approved for treatment of 
depression since 1997 in Europe and elsewhere, but it has not been reg- 
istered in the United States. 220 Unlike venlafaxine and duloxetine, and 
similar to the TCAs, milnacipran is the only SNRI with a preference for 
NE. In addition to its dual 5-HT/NE reuptake inhibition within its 
therapeutic dose range, 181 milnacipran also exhibits mild NMDA inhi- 
bition 221 ; however, the significance of this activity and the drugs effec- 
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tiveness in FMS or other pain conditions have not been formally stud- 
ied. The relative doses at which 50% inhibition of NE and S-HT reup- 
take activity occurs (IC 5Q s) are detailed in Table 2. M7180 " 183 A range of 
results have been listed in the table for each of the SNRIs, as no head- 
to-head comparison has yet been performed between these newer com- 
pounds and the older SSRIs and TCAs listed. Because the ideal rat% 
between serotonergic and noradrenergic modulation required for opti 
mal analgesic effect is not yet well defined, the comparative data fi^a^ 
clinical trials of these agents should provide interesting insights 

Other Novel Antidepressants — Reboxetine, classified as ^|N^^I 
due to its selective inhibition of NE reuptake, is Hcen^^^an^^de- 
pressant in Europe. It is not available in the Unit^^^es JS ^|us point, 
and studies into its analgesic effects in FMS or<6ll|er crkonicj|)ain con- 
ditions have not yet been published. However, a r^^mized, double- 
blind, placebo-controlled trial in patients with cteonWfow back pain 
reported that maprotiline, a TCA agent simite^ to reboxetine in its rel- 
ative specificity for noradrenergic mur^ak&nhibition, exhibited signif- 
icandy greater efficacy than par^feiniat sta&dard doses. 185 A different 
study, however, found maprotifir^^r^teseiniewhat less effective than 
amitriptyline in the treatment of pottjberpetic neuralgia. 199 Therefore, 
the results of limited empirjcpil studies^ as well as scientific considera- 
tions lead one to assume tn%f|the NARIs may exhibit better analgesic 
efficacy than the SSRIs^lso^ewhat less efficacy than the TCAs and 
SNRIs, which inffrien§e botl monoamines. Obviously, additional stud- 
ies are requir^y:o^rSsri4he role that these agents will play in the 
treatment of chronic pain. 

There^are^no puSfighed studies on the analgesic capabilities of nefa- 
zodone, aSrHT^ receptor antagonist as well as a weak SNRI. Animal 
studies haye ; suggested that its 5-HT 2 antagonism may be antinocicep- 
4 Xtive£du^|o increases in 5-HT 1A ~mediated neurotransmission. The 
eliml%felevance of this has yet to be determined, especially because a 
r^ggd molecule, trazadone, has failed to exhibit significant analgesic 
effects when used for various pain conditions, including FMS. 209 

Mirtazapine is a potent central a 2 autoreceptor antagonist as well as 
a 5-HT 2 and 5-HT 3 receptor antagonist with some anecdotal success 
as an analgesic. 222 Although no controlled studies have been reported, 
mirtazapine's 0^ autoreceptor-mediated increases in NE (as well as in 
5-HT 1A ) neurotransmission and its ability to inhibit 5-HT 3 (discussed 
below) may impart some antinociceptive activity. 

Reversible Monoamine Oxidase Inhibitors — Nonspecific MAOIs, 
including phenelzine and tranylcypromine, have been on the market in 
the United States for many years, although concerns about potentially 
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fatal interactions with certain foods and medications have limited their 
widespread usage. It is generally agreed that nonreversible inhibition of 
MAO-A is primarily associated with these adverse interactions. 223,224 
Two new agents that selectively and reversibly inhibit MAO-A, 
moclobemide and pirlindole, have been approved recendy in Europe. 
Early studies with moclobemide have generally demonstratoyLpoor 
analgesic activity in neuropathic pain conditions, and preHminaj^expe- 
rience with moclobemide in FMS has failed to demonstrat^%^fiGa[ht 
analgesic activity when compared with amitriptylineji'^^^wever; the 
results of a randomized, double-blind, placebo-conti^Hed trial of pir- 
lindole were more promising. 226 At this P omt > ^SjP ta ^insufficient 
to generalize as to whether reversible MApisj^ks a^lass, will have sig- 
nificant analgesic properties. The mixed 3 !^!^ to date may reflect on 
the class as a whole or only on the particul^W)lecules that have been 
developed. On purely theoretical groun^^it^ould be expected that 
reversible MAOIs would be effe^ri^atialgesics, secondary to their 
inhibitory action on synaptieiand extrasyriaptic breakdown of both NE 
and5-HT A f 

Opiates 

As discussed previously, opiatls exert antinociceptive effects at various 
locations within bo41Lthe ascending and descending pain pathways. 
Morphine, a prel3!lJ*in^tiy \l agonist, reduces transmitter release from 
the PA^TOnnraik a|d reduces the activity of pronociceptive neurons 
withi^e^^ffc^ ■ 

Concefl4 fc pertaining to the use of narcotics in chronic pain conditions 
are widely fl&cussed and are debated elsewhere. 171 However, narcotics 
afefused by some healthcare practitioners in the clinical management of 
^fS%especially when other analgesics have failed to provide sufficient 
rellfef 231 There is one particular agent that deserves special mention, 
%namely tramadol. Although bothersome side effects preclude its suc- 
cessful use in a significant percentage of patients, tramadol has demon- 
strated efficacy in FMS, 232 as well as in painful diabetic neuropathy. 233 
This unique agent combines opiate receptor agonist activity with 
monoamine reuptake inhibition, and recent research has suggested that 
it may also have agonist activity at the 5-HT 1A receptor. 234 * 235 As a result 
of its unique pharmacological profile, tramadol may exert its antinoci- 
ceptive effects at locations within both the ascending and descending 
pain pathways. 
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Antiepileptic Drugs 

The similarities between certain pathophysiological and biochemical 
mechanisms observed in epilepsy and neuropathic pain led to initial 
investigation of AEDs in chronic pain states. 236 Agents such as carba- 
mazepine, lamotrigine, phenytoin, benzodia2epines, and gabapentin have 
been evaluated in neuropathic pain, and they have been shown to h^ 
analgesic effects to varying degrees. 237 As a result, a number of drugs ini^ 
tiafy labeled as antiepileptic agents are used regular^ as analgesics, 

The majority of AEDs increase seizure threshold by redjicin^beu- 
ronal excitability through sodium and/or calcium channel ^gckad^ 
and this mechanism of action appears to underlie their a^^esi^^tiv- 
ity as well. 237 In addition, agents such as benzo^az^i^^S^tiagabine, 
valprac acid, and topiramate also enhance G^feAgrgic neurotrans- 
mission. 238 Therefore, although each specific aga^jmechanism of 
action may differ, AEDs, as a class, generaflwedjice excitability, 
decrease ectopic discharge, and reduce ^W^otransmitter release — 
effects that have been found to i na ^ rt degrees of antinoci- 

ceptive as well as antiepileptic activity ^fe^ 

Carbamazepine and gabapentirr^^tenfapproved as first-line ther- 
apies for trigeminal neuralgia and pa&|&l diabetic neuropathy, respec- 
tively, and the effectivenessibf gabapentin in diabetic postherpetic 
neuralgia has also been derAW^strated. 239,240 Other anticonvulsants, such 
topiramate and lamoffi^i^Mve received recent attention for their 




as 



potential effrca^in ni^opsfhic pain conditions. 21,237,241 243 However, no 
clinical evaluli|pnj^^ 



Fectiveness of the AEDs in FMS has been 
published, and^ll^ discouraging side-effect profile of many of these 
agents has typical^j%reterred their evaluation as front-line therapies. 

Nevertheless, there are two structurally similar AEDs that are likely 
to undergo^&rther evaluation in FMS due to their potential efficacy 
^andjjrelatitely benign safety profiles, namely gabapentin and piega- 
"fealii^^amipentin has been found to be efficacious in a variety of dis- 
||rs ranging from bipolar disorder 244 to neuropathic pain, 245 and it 
may be particularly useful in pain states where hyperalgesia is pres- 



^%ent. 



Some data suggest that gabapentin may also exhibit some anti- 
inflammatory qualities. 247 Pregabalin is still in clinical development, 
and, thus, efficacy studies are cngDing. Recently published results do 
suggest that pregabalin may be useful in treating such conditions as 
dental pain, postherpetic neuralgia, and painful diabetic neuropathy. 248 " 250 
The mechanism of action of gabapentin is unknown, although its anal- 
gesic and anti-inflammatory activities may result from the agents abil- 
ity to block both calcium diannels 251 and the induced release of 
pj u 252,253 ^ s j-eviewed by Bryans and Wustrov, 254 pregabalin probably 
possesses similar pharmacologic properties. In summary, although 
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their utility in FMS has yet to be determined, both gabapentin and 
prcgabalin appear to warrant further investigation. 

Anxiolytic and Hypnotic Agents 

Benzodiazepines are GABA agonists, having analgesic actions in the 
spinal cord and brainstem of animal models, 255 as well as antiegUeptic 
properties (as described earlier) and muscle-relaxant properties^as^dis- 
cussed later). Although several uncontrolled studies have supported v-the 
benefit of clonazepam in trigeminal neuralgia, its use is^mprojriised 
by side effects such as marked drowsiness or frank seda^on. 2 %^In gen- 
eral, studies with other benzodiazepines in^eg|^)atlfe pain have 
tended to be small and uncontrolled, and^et&tts^fetve bfeen inconsis- 
tent. 197 The available data are also Umited'^ENlS, but; generally, these 
agents have been ineffective as analgesics. 17 ^^k 

A handful of studies have been publishedjjn tKe'use of certain nonben- 
zodiazqpine hypnotics in FMS, sudi-a^^piclone and 2olpidem. These 
reports have suggested that,^ddioi%h^Key improve patients' subject^ 
1 94 s * ee P complaints, these agents do not^ltt^ove the pain of FMS. 178 179,258 
Kranzier, Researchers have attempted to : eliicidate the relationship between cir- 
Gendreau, cadian rhythms, melatonin sfecretion, and FMS, with inconsistent 
and Rao rcsu | ts 259-263 Melatoniiif available in the United States as an unregulated 
dietary supplemental^ been evaluated in one small, open-label pilot 
study involving^l%atifnts with FMS who were each given 3 mg of 
melaton!nSiigl|^ faf 30 days. Although this study suggested possible 
benef^n^fee^^a tender point counts, melatonin did not appear to 



impact patients' overall levels of pain or fatigue/ 

^Because ^pf droxybutyrate has been reported to qualitatively improve 
sllfp by increasing the quantity of SWS and decreasing a-intrusion 





^witftout? significantly changing the quantity of rapid eye movement 
(SfM) 



(REM) sleep, it has been studied in a small, open-label trial in FMS 
^Although it appeared to improve sleep in some FMS patients, the clin- 
i ca l significance of these changes is unclear due to confounding vari- 
ables such as allowance of concomitant medications. 139 In addition, the 
short half-life of y-hydroxybutyrate required its administration twice 
during the course of the night, which also disrupted normal sleep archi- 
tecture. Nevertheless, investigations that attempt to correlate changes in 
sleep architecture with clinical endpoints other than sleep may provide 
valuable information into the pathophysiology of FMS and the design 
of future therapies. 
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Antispasticity Agents 

Tizanidine, an a 2 -adrenergic agonist, reduces muscle spasticity by 
increasing presynaptic inhibition of motor neurons, and it has also 
demonstrated analgesic effects in animal pain models. 264,265 Clonidine is 
a related molecule with 10-50 times greater antihypertensive activity 
than tizanidine (hence marketed for this purpose) due to its higher^ 
affinity for imidazoline receptors involved in the central control oPL 
blood pressure^ heart rate, and other metabolic functions, and it to^lffite 
analgesic effects. 266 The antinociceptive properties of the4gc 2 ag^sts%^ 
are not surprising when one considers the multiple sites of a^-a^gm^^e 
receptors within both the ascending and descending r^lnway^For 
instance, (X 2 stimulationreduces activation of PAF ti|miiMs, thereby 
reducing Glu and SP release. Increased a 2 stimulation vMhin the 
RVTV1 may also activate the descending 5-HT sysf|^ £ roviding fur- 
ther antinociception . These agents also may directly inffitjit dorsal horn 
projectionneurons. Although controlled Ml|^ifi FIVfS have yet to be 
performed, preliminary studies suggest tnat^zajiidine may have effi- 
cacy in other ch ronic pain ocnc^^xi^sucr^teiheadache and low-back -j gg 



pain. 267 " 269 Side effects such as dr^m#^ll^somnolence, and dizziness, ^ 
although common, a re usually manag||ble. wrtflT 
Baclofen is a GABA fi agoniit also approved as an antispasticity agent 
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and, likewise, documented^tilbbe an effective adjuvant analgesic in the f 

management of various^|e^f neuropathic pain. 270 272 Although its 

mode of actioryilnot fully characterized, its analgesic effects may result 

from suppresi^n a^d^^Wiorn neuronal activity Currently, there are 

no data pertainmg^to the use of baclofen in patients with FMS. 



5-HT 3 ^^>tor Antagonists 
5-I^iI^^dfe|gtor antagonists (such as ondansetron and tropisetron), 
-^besiknov% for their antiemetic properties, also have analgesic effects. 273 
A^im^piodels have demonstrated that blockade of 5-HT 3 receptors 
jl '3,^^ u-hafeboth pro- and antinociceptive effects, and clinical trials in settings 
\^ of chronic pain have repeatedly revealed a bell-shaped dose-response 
• curve, suggesting that optimal analgesic effect may involve a dose- 
dependent balancing act between these opposing activities. This duality 
of effect may be due, in part, to the presence of 5-HT 3 receptors on 
both PAF terminals and inhibitory dorsal horn interneurons, and it is 
an appropriate reminder of the complex ways in which the myriad 5- 
HT (and other) receptors interact throughout the pain pathways. 273 276 

Members of the German Fibromyalgia Study Group have extensively 
studied tropisetron in patients with FMS. 277 * 282 In addition to several 
small, open-label evaluations, a single randomized placebo-controlled 
double-blind trial investigated the effectiveness of 5 mg, 10 mg, or 15 
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mg of tropisetron given once daily for 10 days to 418 FMS patients. 
The results from this study suggested modest but statistically and clin- 
ically significant reductions in pain only in those patients treated with 
5 mg of tropisetron, consistent with the earlier described bell-shaped 
dose response curve. Constipation and other gastrointestinal complaints 
were commonly reported, as with other 5-HT 3 blockers. 





Miscellaneous Agents 

NMDA receptor antagonists such as ketamine, ^extromethc^qphan, 
and amantadine have antinociceptive action in animal/model^as well as 
analgesic qualities in humans 283 ; however^^e^tese-%rfiting side 



effects have precluded their widespread u^p^theri^utic agents. Most 
of the available research has involved keltadnje, a parenteral, dissocia- 
tive anesthetic, and although this work h^^rovided useful scientific 
data, this particular agent is not well sujjped^r the management of 
chronic pain conditions such as Dextromethorphan, a weak 

NMDA antagonist, is also WndereiLby side effects at the doses required 
to provide significant pain^eliS, bu^mifed studies have shown it to be 
modestly effective in certa^cfepatliic pain conditions. 286 ' 287 Although 
the search continues for agen%with more tolerable side-effect profiles, 
they may ultimately „p|We to be most beneficial as adjunctive therapies 
when used concomitantly with other analgesics. 288 

Considering |h^bserya^:ion that SP levels within the CSF of patients 
with FM^are^utirlbly elevated, drugs designed specifically as SP or 
NKj^cep^or^fet^onists are theoretically attractive. However, 
althougn^jeclinical studies have been supportive, human trials of first- 
generation IpPlantagonists in multiple clinical settings have been disap- 
pointing. 80 Although it is assumed that research into these agents will 
^adv^p: J over the coming years, currently there are no data available on 
(i tnlir potential effectiveness in FMS. 

'^l^inally, in describing a "typical" neuroendocrine profile in FMS, one 
of the items we listed was low levels of IGF-1 or somatomedin-C. 108 In 
fact, this average profile is accounted for by a decreased level of IGF-1 
in approximately one third of FMS patients. 289 290 IGF-1 is a factor pro- 
duced in the liver, primarily in response to GH secretion. FMS patients 
may fail to produce GH under stimulatory conditions for a number of 
possible reasons including (A) low levels of GH-releasing hormone 
because of diminished NE tone 112 ; (B) increased CRH levels, directly 
inhibiting somatomedin release 101 ; and/or (C) decreased release of GH 
secondary to FMS-related sleep architecture disruption, as GH is pri- 
marily secreted during stage 3 and 4 non-REM sleep. 15 ' 290 
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Bennett et al 291 conducted a randomized placebo-controlled double- 
blind study of the clinical effects of GH therapy in 50 women with 
FMS and predetermined low IGF-1 levels. Patients were randomized 
to self-inject daily either GH or placebo (reconstituted excipient only) 
for 9 months. The dose of GH was adjusted to maintain blood IGF-1 
levels at approximately 250 ng/mL. The GH-treated group achieved^ 
significant improvement in FIQ_scores and tender point counts at SP 
months compared with baseline, whereas no significant improvemeii^^^ 
was observed in the placebo group. Patients' responses tettdedA^agv 
behind the initiation of GH therapy by approximately $%^oriihs? 
although measurable improvements in muscle str^gtl^Ad e§£^eise 
performance were discernible after 3 months, wit^nb^essi^^iprove- 
ment thereafter. Because GH is known to raise^l^r^ levelffincrease 
exercise capacity, build muscle strength, and improv^^gnitive function 
in other patient groups with decreased basal SI^Ievels, 292 " 29S the 
improvements seen in this trial may merely^€fl|c/5ie general metabolic 



effects of GH and not rcpre^n^a smdrOTie-specific response 
Moreover, although GH therapytwoulp apptaMtb offer this subgroup of 
patients some symptomatic improwrrf^pftinfancial considerations limit 



the viability of GH as a long-term Aigpy in this population 





Discussion 

Because we are intere^BI^|i^ug development for FMS, our goal has 
been to formulated m|del o|FMS that is simple enough to serve as the 
basis for desi^un^hy|)&#reses and experiments for clinical research 
while taking in^cKaccount the diversity of patients and the full spectrum 
of disease present atM. Our belief is that the field has advanced suffi- 
ciently ^facilitate the identification and testing of compounds to treat 
the disd|dei^phis view is based on an overview of both the scientific 
>|^nd|cHnil|l data available to date in FMS, as well as on a perspective 
X Hevei^pfd^by analogy with disorders that have already been established 
- asxlinical models, namely neuropathic pain and depression. 

Although an understanding of the scientific basis for the disease 
remains in an early stage of development and the clinical evaluation of 
agents remains more empirical than proven, there are a number of com- 
mon ideas that recur within the existing literature (summarized in Table 
3). Beginning with a review of pain pathways and their role in both nor- 
mal transmission of pain signals and the establishment of the maladap- 
tive chronic pain state, one can identify many potential drug targets. 
Prioritizing the available options, the choices that emerge as the most 
probable to succeed are (A) facilitating the descending inhibitory path- 
ways by increasing NE or 5-HT levels centrally; and/or (B) inhibition 
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of central sensitization by blocking the effects of SP or Glu (via the 
NMDA receptor). Shifting to the available laboratory data on neuro- 
transmitter measurements, the evidence suggests but does not confirm 
a role for 5-HT in the disorder. On the nociceptive side, the increased 
CSF levels of SP support the NKj receptor as a potential target. 
Likewise, the monoamines are prospective targets based on a %view of 
the neuroendocrinology literature. Although the nature of CRI^fonc- 
tion in FMS remains controversial, there is agreement on^B^osM^e 
modulatory role that can assumed by 5-HT and/ogNIBtj^a c&ibnic 
basis. In contrast, the interpretation of the physiolo^G^^esi^rements 
of sleep function and neuroimaging do not tie as c^fy tdtidentification 
of single agents. However, the well-est^bl^n%d P ro|es for 5-HT and 
GAB A in maintaining sleep architecUir€^pp v c/rt theiir^onsideration as 
potential drug targets. 

Similarly, a review of the available cUnicgl dajp^ supports some of the 
same approaches. Although there scientific merit in blocking 

excitatory neurotransmitter^ tre^dhropic pain, there is insufficient 



empirical clinical evidene£ in jthefStabnic pain states to predict effi- 
cacy of SP or NMDA'l^^^inrfFMS. Recent reports of positive 
results with atypical anticonvulsants, such as gabapentin and pregabalin, 
in the treatment of ^ronic pain conditions support consideration of 
this class for further^esting. The bulk of the existing evidence, both in 
the literature and^n>cliru<:1il practice, however, points to the NE and 5- 




'TABLE 3^. • X 






Evidence^frpm Multiple Directions Converges on Similar Drug Targets 

SUBJECT <W AGONIST ANTAGONIST 
AREA* W (STIMULATORY) (INHIBITORY) 
RlMWED APPROACHES APPROACHES 


Slain patliways 

1 


5-HT, NE 

(descending pathways) 


SP 

Glutamate (NMDA) 


Neurotransmitter 
changes 


5-HT 


SP 


Neuroendocrinology 
of FMS 


(CRH) 

5-HT 

NE 


(CRH) 


Supportive clinical 
data in FMS 


NE > 5-HT 

Atypical anticonvulsants 

(eg, pregabalin) 


5-HT 3 

Glutamate (NMDA) 



Sleep changes 



5-HT 
GABA 



5-HT=scrotonin; NE=norcpinephrine; SP=substance P; NMDA=N-mcthyl-D- aspartate; 
FMS=fibromyalgia syndrome; CRH =corticotropin- releasing hormone; GABA=Y-aminobutyric acid. 
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HT descending pathways as the most probable sites for successful inter- 
vention. In contrast to some of the laboratory results described earlier, 
currently the case is stronger for NE reuptake inhibition over 5-HT 
reuptake inhibition, based on clinical trials in neuropathic pain 185 as well 
as in FMS. 160,161 Both deserve further examination, however, and the 
combination may ultimately be preferred. ^y^> 
Therefore, we suggest, based on a review of the literature, that^\ 
although many different targets for development of potential dM^s. 
exist, the most promising based on current knowledge are fagilitafton or v 
NE and/or 5-HT transmission, use of atypical anticonv^anjt§^or 
blockade of SP. Modulation of monoamines has jagnirloant support 
both scientifically and clinically. The promise (rf^at)^!^ 
sants is based on empirical clinical results. SP^fs^hc^ost speculative 
target because the evidence does not yet exist to eitifer^ink definitively 
a disorder in SP to FMS or to demonstrate clinically that SP blockade 
can have an analgesic effect. In fact, SP antagonists have had a poor 
track record in the clinic to date, filing ioytfemonstrate efficacy in a 
number of clinical pain paradignis. 80 fVe alfcswayed, however, by the 
hypothesis put forward by HiU^who-pr^ that although blockade 
of SP may not be sufficient to treat most^pain in and of itself it may be 
useful for "reducing the behavioral response to a stressor such as inap- 
propriate or intolerable sensory input." FMS, in our view, is the proto- 
typical syndrome in which^there^is a "blurring of distinction between 
pain, emotion^lnd st&ss," 80 ]ancl it may be ideally suited for treatment 
with NKj ant%£m|ts.^^ 

Based on the%Uperior efficacy of the TCAs to the SSRIs in most 
reports,^w^are pu^uing an SNRI approach. Venlafaxine is the only 
SN Rlavl^able on the US market, and it has demonstrated efficacy in 
FM^d^a^pilbt study. 216 Two other SNRIs, duloxetine and mil- 
4^nac^ran^ill begin clinical trials for FMS shortly Although all of 
%*est^eiits inhibit reuptake of both NE and 5-HX they differ in rel- 
ative, activity: venlafaxine and duloxetine both favor inhibition of 5- 
T reuptake while milnacipran favors inhibition of NE reuptake 



^ /Table 2). 147 ' 180 - 183 The clinical relevance, if any, of this distinction 



* remains to be determined 



Although there has been a tendency in the literature to fall into one 
of two camps, either portraying FMS as a chronic pain syndrome or as 
a somatic expression of psychological distress, we consider both views of 
the disorder to have merit and value in formulating potential therapeu- 
tic approaches (see Figure 4). In some aspects, FMS bears many simi- 
larities to human models of neuropathic pain, such as trigeminal 
neuralgia or diabetic neuropathy, in its response to many of the same 
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drugs (such as TCAs and, perhaps, the newer anticonvulsants) and in 
the clinical expression of allodynia and hyperalgesia. However, there are 
certainly some stark differences between the clinical presentations, with 
widespread pain in FMS versus more localized pain in most neuro- 
pathic pain studies. Also, there are some differences in drug response; 
for instance, carbamazepine, which is first-line therapy for mtfnv^types 
of neuropathic pain, has been reported to be of limited utility IliFMS 
(DJ Clauw, MD, oral communication, August 20, 2000). 

There are also many parallels to be drawn with th©mo™h of FMS as 
a somatic expression of a mood disorder such as depressi|n. I*|pst effec- 
tive drugs in FMS are active in depression ^w^^hlr^are striking 
similarities in the neuroendocrinology of^FMS^ikd of melancholic 
depression, as well as in the possible dei&Lts^in monoamine function 
that are proposed to underlie both disordel^Moreover, and perhaps 
most important, there is a high coincidence of/FMS and depression, 
with a lifetime prevalence of more /ten for those diagnosed with 
FMS. 296 Divergences from |hadep^sioi| model must also be borne in 
mind. Biologically, a deficiency oPplMelet 5-HT transporter has not 
been documented in the F%|^Sh»ts studied to date, and they differ 
from depressed patients in tiieir N; exaggerated ACTH response to CRH 
challenge. Also, although there^has been minimal data collected exam- 
ining the dose respo^kpf antidepressant drugs in FMS, doses that have 
been used in chtflllkmW to date have been on the lower end of what 
jPK I ^ ' k 
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FMS^H^g^entsof Neuropathic Pain and Depression 



CLINICAL PRESENTATION 



Pain 



f dbdsDisorder 




Response to Drugs 



Mechanisms 



EUR0PATHIC PAIN 



Clinical allodynia 
and hyp eralgesia 



DEPRES 



Related tn stress 



JON 



High concurrence 



Similar responses 

rn antidepressants 



Similar responses 
to rtmgs 



(but different responses to some 
other drugs, eg, carbamazepine) 



May involve 
similar mechanisms 



Same neurotransmitters 
maybe affected 



(eg, central sensitization 
and wind-up) 



(eg, 5-HT and NE) 
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may be effective in depression, similar to the use of such drugs in 
chronic pain. Finally, at least in the primary care setting, the vast major- 
ity of FMS patients are not clinically depressed at the time of diagno- 
sis, showing no variance in incidence of depression from the population 
at large. 34 

Rather than choosing one position or the other, we have incorporati 
both views into a conceptual disease model for FMS that, we believe, i 
consistent with both the available data and with our own experier^. 
There is probably a spectrum of patients presenting with l|MS^s^p-^ 
toms, some with a "pure" chronic pain syndrome based on CQ^g| sqnr 
sitization; the high coincidence of other symptoms, ji|!h asleep 
disturbance, fatigue, and mood disorder, supportsJl^notioWhatTMS 
patients with pure chronic pain are the exceptional fact, the^aefinition 
of FMS as a "syndrome" implies that, at least clinic&f, there is a con- 
stellation of symptoms making up the presentati^^thai^re difficult for 
the physician to pry apart in formiriatioiy*a%efcsment, and plan. The 
basic and clinical data summarize^^oudyiprovide a strong theoret- 
ical basis for a linkage among many <|f th^fcmngs that are observed 
clinically, leading us to the conc^^lN^widf FMS outlined in Figure 
5. We have limited our illustration anlkexplanation to a few select clin- 
ical symptoms common in Ij^S patients, as well as a couple of biolog- 
ical observations. Expandinf||he number of items included, however, 
would not change the geneial paradigm that is portrayed. 

The model c0nsider|^ie elfements as interconnected, with no distinc- 
tions made oi^Heraidiy presumed between the primary pathology and 
secondary symptoms. In fact, there is a reciprocal link between each and 
every it^m >A with evpJ^nce for cause and effect available in both direc- 
tions. Fdf^ample/it is intuitively obvious that pain can interfere with 
sleeg^andjthat;lack of restorative sleep can result in fatigue. Impaired 
./;^slee§ and\*hronic fatigue can be caused by, and also have been demon- 
^afld^to4iffect, neuroendocrine patterns, some of which may predis- 
•r^po^ to depression. 297298 Depression, in turn, is associated with 
alterations in monoamine (or neuropeptide) function, which can impact 
^* K . the neural processing of pain. Conversely, depression may affect sleep 
1 architecture by way of its neurochemical and neuroendocrine repercus- 
sions or simply by way of the psychological distress that prevents rest- 
ful sleep while depleting the persons sense of well being and energy 
level. Moldofsky and colleagues 135,136 have demonstrated that depriva- 
tion of late-stage sleep in and of itself can recreate the symptoms of 
FMS, completing the cycle in the other direction. It is probably not a 
coincidence that agents such as TCAs are effective in FMS because 
tjhey have been demonstrated to independently affect each of the symp- 
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toms illustrated in Figure 5: they have antidepressant activity and are 
sedating and analgesic, increasing both 5-HT and NE levels and nor- 
malizing neuroendocrine circuits. Attempts to treat a single symptom 
within the complex, for example, with the use of hypnotics (eg, Zolpi- 
dem) or analgesics (eg, NSAIDs), have generally been less success- 
ful 173,25s Although perhaps oversimplifying the complexMnplogy 
underlying the significant diversity across the FMS patient popu^tion, 
we have found this model useful in thinking about the d^ip^f %ew 

; a m w 

A Model of Fibromyalgia as a Bidirectional Cycle 

Many previous hypotheses of fibromyalgia (FMS^pathq 
hierarchical organization of FMS symptoms an<y|ndinj|l, , 
is the cause of depression. In the model devdopecM^re,4he various manifestations of 
FMS — including, but not limited to, pain, neurotranl^itter changes, neuroendocrine 
changes, sleep changes, and fatigue — are all interconnected without a hierarchical 
arrangement. In fact, there is a reciprocal HrikJ^et^iien each and every factor, with evi- 
dence for cause and effect in both directidnsy^s a result, any individual element has 
the potential, in the presence o&a^rcdis^)Sing genetic background and/or environ- 
mental factors, to establish thej^de? 
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therapeutic approaches, and we lean in the direction of selecting drug 
candidates and drug targets that may have impact on multiple pathways 
and across many related clinical symptoms. 

Finally, we hope that this review will stimulate dialogue between the 
community of physicians who treat FMS patients and the scientific and 
clinical researchers well versed in the practice of studying brain physi^ 
ology and pharmacology. Some of the ideas for future studies resulting^ 
from that dialogue will undoubtedly involve the use of pharmaco|^^ ^ 
cally active agents to further dissect the biology of FM%>an$iO£ to\X 
determine clinical response. We expect that, as a result of sud^^lal^r 
rative efforts, our understanding of FMS, as well asjrf t^^iysMpgi- 
cal links between mind and body in the "function^ Tomaficv^orders" 
in general, will advance rapidly. ♦ <r r 
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